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Effect of Faba bean (Vicia faba L.)-forage Intercropping: Benefits and Trade-offs to Improve 
Feed Resources in Lemo Woreda, Southern Ethiopia 
Advisor: Ajebu Nurfeta (PhD, Assoc. prof.) and Co-advisor: Melkamu Bezabih (PhD) 
 
ABSTRACT 
Faba bean (Vicia faba L.), also called ‘broad bean, horse bean’ is an annual crop, which mainly 
grows in the highlands of Ethiopia for human consumption. The objective of this study was to 
evaluate the effects of intercropping faba bean varieties with oat fodder on forage biomass, 
straw, grain yields, and straw quality. For the household survey 108 households (HHs) were 
selected from two kebeles (53 from Upper Gana and 55 from Jawe kebeles). The average HH 
family size, land and livestock holdings were 5.53 heads, 1.39 ha and 6.73 heads, respectively. 
Cultivation of forage crops was not widely practiced in the Woreda, but farmers have an 
experience of not weeding faba bean plots to get more weed biomass. The field trial involved a 
3×5 factorial experiment with three replications, whereby three faba bean growing 
management practices were tested with five faba bean varieties. Samples were taken from each 
treatment plots. The highest (P<0.01) tiller count, number of pods per plant (PPP), seeds per 
pod (SPP) and grain yield was under improved management, whereas the lowest (P<0.01) was 
under intercropping management practice. The highest (P=0.0053) faba bean straw dry matter 
yield (DMY) (t ha-1) was for Tumsa under improved (9.82) and the lowest (P=0.0053) straw dry 
matter yield (DMY) (t ha-1) was for CS-20DK (1.70) under intercropping management practice. 
The total feed dry matter (DM), crude protein (CP) and metabolizable energy yields were 
greater (P<0.05) under intercropping than the remaining management practices. Walki 
(12.36%) under intercropping had the highest CP content and the lowest CP contents were 
observed for Tumsa (6.73%) and Dosha (6.65%) under traditional management. The mean CP 
content was highest (P<0.05) under intercropping and lowest (P<0.05) in traditional 
management practice. The NDF content was lower under intercropping than the remaining 
management practices. The ADF content (%) varied from 51.72(Walki) to 64.3 (Gebelchu), 
45.38 (CS-20DK) to 68.27 (Gebelchu) and from 46.47 (Walki) to 62.39 (Tumsa) under 
traditional, improved and intercropping management. The highest (P=0.0306) acid detergent 
lignin content was observed for Dosha in improved management and the lowest (P=0.0306) 
was for Walki and CS-20DK under intercropping management. In vitro true organic matter 
 xiv 
 
digestibility value (%) ranged from 43.32 (Tumsa) to 51.11 (CS-20DK) in traditional 
management, from 45.72 (Tumsa) to 51.02 (Walki) under improved management and from 
46.47 (Tumsa) to 55.71 (CS-20DK) under intercropping management practice. In vitro true dry 
matter digestibility (IVTDMD) value was higher (P<0.05) under intercropping than other 
management practices. The metabolizable energy value (MJ/kg DM) was highest (P=0.0398) 
for CS-20DK (7.97) under intercropping and lowest for Tumsa (6.19) in traditional 
management practice. Also intercropping management gave highest net benefit (49319 ETB ha-
1) as compared to the remaining management practice. It can be concluded that intercropping 
based on different faba bean varieties with oats could be feasible to provide reasonable nutritive 
value of forages in the crop-livestock systems of Ethiopia. 
 
 Key words: Variety, faba bean, management practice, chemical composition, digestibility. 
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1. INTRODUCTION 
 
1.1. Background  
In many developing countries, livestock play an important role in the livelihoods of most small-
scale farmers, as sources of food in the form of meat and milk, services (transport and draught 
power), cash income, manure (for soil fertility management and fuel) and serve as store of 
wealth and hedge against inflation (Sere et al., 2008).  The livestock population of Ethiopia is 
currently estimated to be about 55.3 million cattle, 27.35 million sheep, 28.16 million goats, 
1.96 million horses, 6.95 million donkeys, 0.36 million mules, 1.1 million camels, 51.35 million 
poultry (CSA, 2015). Livestock production is an integral part of the subsistence crop-livestock 
mixed farming system of Ethiopian highlands (Amede et.al., 2006). The highlands of Ethiopia 
are inhabited by high human and livestock populations. About 88% of the human, 75% of the 
cattle, 75% of the sheep and 34% of the goat population in Ethiopia are found in the highlands 
(CSA, 2008). High density of human and livestock population in the Ethiopian high lands is 
one of the major reasons for severe degradation of the natural resource base resulting in poor 
animal nutrition (CSA, 2008). 
Even though, there is enormous contribution of livestock to the livelihood of farmers, the poor 
quality feed resources remains to be the major bottleneck to livestock production in the 
highlands of Ethiopia (Ahimed et al., 2010). Traditional livestock production system mainly 
depends upon poor pasturelands and crop residues which are usually insufficient to maintain 
reasonable livestock production (Assefa, 2005); and are high in fiber, with low digestibility and 
low levels of nitrogen (Bogale, 2008). Such low quality feeds are associated with a low 
voluntary intake, thus resulting in insufficient nutrient supply, low productivity and even weight 
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loss (Hindrichsen et al., 2004). Legumes have lower contents of structural fiber, higher protein 
contents and greater digestibility (Diriba et al., 2013) resulting in higher nutrient intake rates 
and animal production when they are used as fodder (Frame et al., 1998).  
Feed shortage problems in crop-livestock production system could be alleviated by integration 
of improved forage crops into the farming system. This is highly important and appropriate in 
areas where land scarcity is a problem and the agricultural production system is subsistence 
(Getnet et al., 2003). The inclusion of grain legumes like faba bean in forage intercrops can 
provide a more sustainable source of N to cropping systems through biological N fixation 
(Crews and Peoples, 2004). This  is  partly  recognized  due to  the  fact  that legumes are  
capable  of  fixing  atmospheric  nitrogen through a symbiotic association with soil bacteria 
called rhizobium (Jensen et al., 2010). Faba bean is considered as a cash crop. It grows well on 
well-structured loam or clay soils for best production. It has been grown successfully in areas 
of soil pH 6.5-9.0 (Jensen, 2010). This crop is widely grown in southern Ethiopia and due to the 
feed shortage that farmers experience during the cropping season, they traditionally use the 
weed that grows with the faba bean crop as an important feed resource. Building on the existing 
experience of growing voluntary forages or weeds on faba bean plots to improve the feed 
resource base appears to be an alternative option. Lemo is one of the Woredas in Hadiya zone 
of southern Ethiopia, where there is high population pressure and grazing lands are limited.  
In order to alleviate the feed shortage in Lemo Woreda, establishment of forage crops and 
legumes is feasible due to the area receiving bimodal rainfall distribution. Hence, cultivation of 
faba bean/oat mixtures has the potential to provide high quantity and quality fodder production, 
soil erosion prevention, and soil fertility restoration (Zewdu, 2004). Cultivation of faba bean 
and oat in mixture is more suitable for feed production than the cultivation of these species 
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separately (Micek, 2012). However, there is shortage of information in the scientific literature 
concerning the importance of faba bean intercropping with oats and on the nutritive value of 
straws of faba bean varieties especially in Ethiopia. 
 
1.2. Statement of the Problem  
Owing  to  very  few  hectares  of  arable  lands  per  household  in  the  study  area,  expansion  
of cultivated  land and land for forage production,  which  is  one  way  of  improving food and 
feed resources, is becoming  almost impossible  since  maximum  expansion  has  been  attained  
earlier by ever increasing population. Thus, increasing productivity must go to another 
dimension and focuses on intensively utilizing the available land in both time and space.   
 
Soil  fertility  in  general  and  nitrogen  in  particular  has  been  depleted  in  most  cereal 
growing smallholder  farms  because  of  continuous  cropping  without  adequate  replenishment 
of  the nutrients taken up by crop and thus intern limits feed resources. Intercropping legume 
crops with fodder species appears to be feasible option to address both food and feed production 
issues in the mixed farming systems of Ethiopian highlands.  
 
 
 
1.3. Objectives: 
To assess the experience of farmers on faba bean cultivation in relation to livestock feed 
in the study area.  
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To examine trade-offs of intercropping faba bean with oat forage in terms of grain yield 
and feed biomass produced.  
To evaluate the potential of faba bean varieties and suitability for intercropping with 
improved oat fodder in Lemo area.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
2. REVIEW OF LITERATURE 
 
2.1. Description of Faba bean and Oat 
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2.1.1. Faba bean (Vicia faba) 
Faba bean also known as broad bean, horse bean, has erect stems, large leaflets, large pods, and 
large flattened seeds (Martin et al., 2006). It is the world’s seventh most important grain legume 
(Rees et al., 2000). Faba bean grain is an important grain legume for human diets and animal 
feed for the reason that it is a major source of protein, starch, cellulose and minerals from its 
mature seed. Faba bean grain is used widely as an animal feed in Europe (Turpin et al., 2003). 
Its seeds contain 27 to 34% protein with high lysine content and are free from tannins (Duc, 
1997). A straw of faba bean is rich in protein, calcium and magnesium than cereal straws, and 
if properly harvested, it is useful roughage feeds for ruminant animals (Kossila, 1984). 
Generally, pulse straws contain 10-15% crude protein (CP) in DM and their energy content is 
higher compared to the respective cereals by-products and sugar cane, with satisfactory 
palatability (Kossila 1984). Another major feature of the faba bean is its symbiotic nitrogen (N) 
fixing capability, enabling it to produce substantial yields without the addition of N fertiliser, 
thus making it an attractive break-crop in an arable rotation (Schwenke et al., 1998). 
Faba beans grow in climates ranging from temperate to semi-arid, using different cultivars and 
crop management practices (López-Bellido et al., 2005). They are generally sown in the spring 
in northern latitudes, in the winter in warm-temperate and subtropical areas with specific 
cultivars for each region (Duc, 1997). They are grown predominately in areas with more than 
400 mm average annual rainfall but in drier regions, they are commonly irrigated (Agung and 
McDonald, 1998). They are sensitive to water stress, and irrigation is needed to improve yield 
and yield stability (Husain et al., 1988). Where water is not limiting, temperature has a major 
effect on germination and initial growth of faba bean. As a legume, faba bean straw has a higher 
feed quality than grasses and is preferred by livestock (Charlton and Stewart, 2006). Faba bean 
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is categorized as an annual cool season legume that could fit into a double cropping system 
(Lloveras-Vilamanya, 1987). 
 
2.1.2 Oats (Avena sativa) 
Oat is an annual cereal grain crop belonging to the family Gramineae (Langer and Hill, 1982). 
It grows well in cool, moist conditions. It is frost tolerant in the seedling and tiller stages (White 
et al., 1999). Oats complete their life cycle from sowing/germination to harvest/maturity in 6 to 
11 months. Its grain is used for both animal and human consumption. It can also be used to 
overcome seasonal feed shortages and is convenient in crop rotations (Forsberg and Reeves, 
1995). Greater plant height in oats crops increases the susceptibility to lodging and has 
contributed to severe yield losses (Brouwer and Flood, 1995). 
Ground or chopped oats are fed to breeding or young dairy cattle and ground oats are fed to 
poultry (Cuddeford, 1995). Oats were much more favored by the growers compared with other 
small grains, as a forage crop, because of its finer stem and higher palatability (Miller, 1984). 
Oats have a high crude fiber content compared with barley and wheat but a lower protein content 
of 11 to 14% (Church and Richard, 2002). 
 
2.2. Nutritive Value of Faba bean    
Evaluation of nutritive value of forage crops is an important aspect of crop selection, especially 
the determination of metabolisable energy and crude protein content as indicators of pasture 
quality (Mohammad, 2012). The nutritional value of faba bean grain is high, and in some areas 
is considered to be higher to peas or other grain legumes (Crépon et al., 2010). Faba bean is a 
significant source of protein rich food in developing countries and is used both as a human food 
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and a feed for pigs, horses, poultry and pigeons in industrialized countries (Duke, 1981). The 
intercropping of legumes like faba bean with cereal crop has the potential for improving forage 
yield and quality. Improvement of protein content has been recognized as of the benefits of 
intercropping cereals and legumes in forage production (Herbert et al., 1984). The protein 
content in the faba bean was higher than that of oat, therefore, the addition of faba bean as 
legume could improve the quality of oat forage, because oat contains lower crude protein 
concentration, and faba bean as whole crop has been shown to produce high crude protein. 
Similarly, a CP of 10% in an oat mono-crop was lower than in faba bean -oats intercrops (15% 
CP) (Mohammad, 2012). In organic farming systems, cultivation of faba bean and naked oat in 
mixtures is more suitable for feed production than the cultivation of these species separately 
(Micek, 2012).  
 
2.2.1. Chemical Composition of Faba bean    
The local faba bean straw has the same crude protein (12.78%) with wheat bran (13.13%) (Nigus 
et al., 2015) and has lower NDF (592 g/kg DM) content than wheat stubble (786 g/kg DM) 
(Bogale et al., 2008). Hemicellulose content of faba bean straw (124 g/kg DM) is lower than 
that of wheat straw (310 g/kg DM) (Bogale et al., 2008). Moreover, faba bean seed is 
outstandingly rich in potassium (1.73%), poor in calcium (0.07%) and sulphur (0.04%) content 
(Hosain and Mortuza, 2006). However, faba bean straw is rich in calcium (1.5 g/kg DM) and 
poor in phosphorus (0.8 g/kg DM) content (Wondatir et al., 2011). Inter-cropping of faba bean 
with oat significantly increased the crude protein content in oat grain, but had little effect on the 
chemical composition of faba bean seeds (Miceka, 2012). 
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Table 1. Nutrient composition of faba bean straw (DM %) 
Nutrients (%) 
Abreu and Bruno-
Soares, 1998  
Bogale et al., 2008 Wondatir et al., 2011 
DM - 94.4 92.6 
OM - - - 
Ash  7.6 10.3 6.6 
CP 6.6 8.8 6.1 
NDF 72.3 59.2 73.4 
ADF 55.4 46.8 51.0 
ADL 11.6 13.2 9.9 
ME(MJ/kg DM) 6.2 - 7.1 
 
In Ethiopia, there are a number of faba bean and oat cultivars being cultivated on research 
station and by farmers and this can give a potential opportunity for use in livestock feed but 
information on chemical composition, digestibility and nutritive value of faba bean straw and 
oat mixtures is generally scarce.  
 
2.3. The role of faba bean as livestock feed  
Faba beans are palatable, digestible and nontoxic when incorporated into rations for livestock 
and poultry. Protein from legumes is a good complement to cereals; hence mixtures containing 
lupine, faba bean have a high biological value (Księzak, 2007). Its seeds can be successfully 
used as a compound of high-protein concentrates for adult animals. Concentrate mixtures with 
a 10% or 25% share of ground faba beans are also good feeds for calves and permit maintaining 
satisfactory body weight gain (Bidwell-Porębska and Piotrowski, 1991). Nevertheless, the 
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presence of anti-nutritional compounds in faba bean seeds, mostly tannins and glycosides, 
limits their usefulness in rations, especially for growing animals (Baranowski, 2005).  
 
2.3.1. Utilization of faba bean Straws     
Straws consist of the stems and leaves of plants after the removal of the ripe seeds by threshing, 
and are produced from most cereal crops and from some legumes. All the straws are extremely 
fibrous, most have a high content of lignin, and all are of low nutritive value. Their high fibre 
content restricts their use to that as food for ruminants (McDonald et al., 2010).  
In Ethiopia, during wet seasons, livestock depend on grazing (more than 80% of the ration) with   
small supplements of legume straws. In dry seasons, they depend totally on legume and cereal 
straws for stall feeding 70% of the farmers feed legume straws regardless of the production 
purpose. Straws of legume crops have generally better nutritive value, forage quality and thus 
are nutritionally superior to cereal straws (Walli, 2004). A straw of faba bean is rich in protein, 
calcium and magnesium than cereal straws, and if properly harvested, it is useful roughage feeds 
for ruminant animals (McDonald et al., 2010). Generally, pulse straws contain 10 -15% crude 
protein (CP) in DM and their energy content is higher compared to the respective cereals by - 
products and sugar cane, with satisfactory palatability (Yetimwork et al, 2011).   
  
2.4. The role of faba bean intercropping in improving feed resources  
The incorporation of legumes in forage mixtures with grasses or cereals is an important and 
well-established practice in some regions. Furthermore, oat, barley, wheat and triticale are 
added to provide a climbing frame for the legumes and to increase the bulk of feed produced. 
In forage-animal production system, legumes are preferred owing to several advantages over 
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monocultures (Haynes, 1980). The grain cereal-legume intercropping has the potential to 
provide higher grain yield (Haymes and Lee, 1999) and more nutritionally balanced forage (Anil 
et al., 1998). In general, legumes are rich in protein while grasses/cereals are rich in 
carbohydrates. Cereals constitute forages relatively low in protein (Robinson, 1969), and 
animals usually require some form of relatively costly protein concentrate supplementation 
(Anil et al., 1998).  
Choice of cereal species affects the performance of intercrops grown for forage (Jedel and Helm, 
1993). The choice of a legume species and compatible plant densities are very important for 
high forage yields and quality in intercrops with cereals (Altinok et al., 1997). Intercropping oat 
with pulse crops produced, greater DM yield than intercropping barley with pulse crops (Ross 
et al., 2004).  Yields are generally higher in the mixtures because of more efficient light 
utilization (Brougham, 1958), transfer of symbiotically fixed nitrogen (Ledgard, 1991) and 
allopathic effects (Pudnam and Duke, 1978).  
  
2.5. Digestibility of faba bean  
The in vitro true digestibility of faba bean seeds depend more on its share in mixtures than 
observed for oat grain. The presence of anti-nutritional factors, mainly tannins, could also have 
a significant impact on the in vitro digestibility of faba bean by forming insoluble complexes 
with protein, thus inhibiting its digestion and, consequently, reducing its digestibility (Crépon 
et al., 2010). The in vitro true digestibility of oat grain and faba bean seeds did not depend on 
mixture composition. Most cereal straws have lower nutritive value than the haulm from grain 
legumes. The grain legume like faba bean contains good quality roughage with a crude protein 
content of 5-12 % (Adugna, 2008). Dry matter intake and digestibility of dry matter, organic 
 11 
 
matter and energy of faba bean crop straw were greater than wheat straw, but were similar with 
medium quality alfalfa-brome hay (Thorlacius et al., 1979). Thus, the nutritive value of faba 
bean crop residue was greater than that of wheat straw. The in vitro dry matter digestibility of 
faba bean straw was higher than maize Stover (Bogale et al., 2008).  
 
2.6. Competition Indices  
Legumes, like faba bean can provide N to the non-legume directly through mycorrizal links, 
root exudates, or decay of roots and nodules; or indirectly when the legume fixes atmospheric 
nitrogen (N2), and thereby reducing competition for soil NO3 with the non-legume (Anil et.al, 
1998). Oat is more competitive than faba bean varieties mainly in the faba bean-oat intercrops 
(Dhima et al., 2013). Similarly, it is a greater competitor than faba beans during the shortage of 
rainfall (Klimek-Kopyra et al., 2015). 
3.  MATERIALS AND METHODS 
 
 
3.1. Description of the Study Area  
The study was carried out in Lemo woreda, Southern Ethiopia. The woreda lies between 70 .22” 
to 70 .45' 00'' North Latitude and 370 .40” to 380 .00’ East Longitude with an altitude range of 
1501 – 2500 m.a.s.l. The mean annual rain fall varies between 1001 mm to 1200 mm, and the 
mean annual temperature varies between 15oC and 20oC. It is bordered by Silte Zone in the 
North, Kembata Tembaro Zone in the South, Gombora woreda of Hadiya Zone in the North 
West, Ana Lemo woreda of Hadiya Zone in the North East and Shashogo woreda of Hadiya 
Zone in the East. It has an estimated number of 118,578 human populations (Census, 2008). 
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The woreda is classified in to two climatic zones: Dega or the highland (9%), Weina Dega or 
midland (91%). According to the woreda council annual report (2014), the Woreda has the total 
of 33 rural and 2 (two) urban kebeles.  
  
3.2. Survey and Sampling Methods  
Prior to the start of the actual field experiment, 2 kebeles (Jawe and Upper Gana) were selected 
purposely, due to the project works in those kebeles. Relevant information was collected 
regarding land ownership including grazing and household situation, livestock possession and 
temporal forage variability, experience of faba bean forage production in relation to livestock 
feed were collected using questionnaire through interviewing the farmers. Moreover, different 
basic secondary information regarding the general socio-economic and faba bean distribution 
was gathered from the Woreda Agricultural Development Office. The questionnaire was pre-
tested before undertaking the interview. For this purpose 108 farmers were selected, 55 farmers 
from Jawe and 53 farmers from Upper Gana kebeles.   
 
3.3. Experimental Design and Treatments   
  
3.3.1. Land preparation, planting and management 
The field experiment was carried out during the 2015 belg cropping season using supplemental 
irrigation. A farmer who was participated in the field trial was selected based on the availability 
of water nearby the farm for irrigation, availability of enough land to carry out the field 
experiment and training was given concerning the objectives of the project activities, 
preparation of the plot, management of experimental crops, sampling methods, data collection, 
etc., that was taken place earlier to the start of the experiment. Ploughing was done during the 
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short rainy season in early February using oxen and a slight irrigation was made before 
ploughing to loosen the soil. The land, after ploughing, was then classified into plots as per the 
design of the experiment.   
The experiment involved five faba bean varieties (CS-20DK, Tumsa, Walki, Gebelchu and 
Dosha) and three management practices (traditional management where faba bean plots were 
not weeded but the weeds were harvested as fodder, improved management where faba bean 
plots were regularly weeded, and improved forage faba bean intercropping where the faba bean 
plots were intercropped with improved oat fodder). The treatments were assigned to individual 
plots using Completely Randomized Design (CRD) with three replications. The main plot was 
32 meters wide and 12 meters long with forty five sub-plots each measuring 2 meters long and 
3 meters wide. The seeding rates was 200kg/ha for faba bean and 60-70kg/ha for oats, while 
seeding rates for the intercrops was proportional to the pure stand seeding rates. The distance 
between faba bean rows was 40 centimeters while the distance between plants was 10 
centimeters. Five rows of faba bean was made per each plot and placed in from both sides of 
the 20 centimeters length. Thus the net size of a plot was 1.6 meters long and 3 meters wide. 
Two seeds were drilled in each space (one was thinned out after verification of germination and 
establishment).  Oat seed rate per plot was twenty four grams and four rows per plot were placed 
between the two adjacent faba bean rows. Thus, the distance between faba bean rows and oat 
rows was 20 centimeters. Forty eight grams of di-ammonium phosphate (DAP) was applied for 
all plots at the time of planting. 
For the improved management practice, plots were weeded three times by hand. At first 
weeding, the faba bean crops, under the traditional, improved and intercropping management, 
were thinned. The plots were irrigated two times per day (50 liters of water) for fifty four days 
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and the total of 2700 liters of water was used per plot. The frequency of irrigation was varying 
depending on the availability of rain fall.  
 
3.3.2. Treatments   
Field trial was arranged in Completely Randomized Design (CRD) as shown in the Table 2 
below. The field trial involved a 3×5 factorial experiment with three replications, whereby three 
faba bean growing management practices were tested with five faba bean varieties.  
 
 
 
 
 
Table 2. Description of treatment 
Treatments Management practices Faba Bean Variety 
Number of 
replication 
T1 Traditional CS-20DK 3 
T2  Tumsa 3 
T3  Walki 3 
T4  Gebelcho 3 
T5  Dosha 3 
T6 Improved CS-20DK 3 
T7  Tumsa 3 
T8  Walki 3 
T9  Gebelcho 3 
T10  Dosha 3 
T11 Intercropping CS-20DK 3 
T12  Tumsa 3 
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T13  Walki 3 
T14  Gebelcho 3 
T15  Dosha 3 
Total 45 
 
 
 
 
 
3.4. Measurements and Observations 
 
3.4.1. Harvesting and Sampling   
The oat forage in the intercropped plots and weed in the traditional plots were harvested so that 
the height of the oat and weed did not exceed that of the faba bean. Cuttings were done (four 
times for oats forage and two times for weed) 5-7 centimeters above the ground from a net plot 
size (1.6m x 3m area). Fresh biomass was weighed right after each round harvest and samples 
were taken for dry matter determination. For determination of biomass yield, all the faba bean 
plots were harvested at maturity stage. Weight of the total fresh biomass yield was recorded 
from each plot in the field and then separated into oats fodder, faba bean grain, faba bean straw 
and weeds to calculate proportions of each component. Samples were taken and oven dried for 
48 hours at a temperature of 60oC for laboratory analysis.  The oven dried samples were weighed 
to determine the total dry matter yield.  
 
3.4.2. Data collection  
Close observation was made after planting to evaluate the rate of germination and early 
establishment performance of the faba bean varieties. In order to support the visual assessment 
of the establishment performance, seedling counts were made on the whole plot on the 23rd day 
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of planting. Flowering date and maturity date of faba bean were recorded for each plot. Number 
of tillers of faba bean was taken at the panicle stage. Tiller count of randomly selected five faba 
bean plants from each plot was recorded and the mean was calculated. The plant height (cm), 
for both oats and faba bean, was measured from the ground to apex by averaging the natural 
standing height of five randomly selected plants per plot. Pods of ten faba bean plants from each 
plot were counted and the number of pods per plant was computed on the average basis.  
Number of seeds per pod was determined by counting number of seeds in pod and the average 
seed per pod was recorded.  
All plots of faba bean were harvested at maturity on average of three months to asses straw DM 
yield. The straw dry matter yield (SDMY) was calculated according to the formula developed 
by Tarawali et al. (1995): 
 
SDMY(t/ha) =
DM% × TFW (t/ha)
100
 
Where: 
          TFW = Total fresh weight, DM% = Dry matter percentage of the straws.  
 
3.4.3. Digestibility   
 
3.4.3.1. In vitro Dry Matter Digestibility  
The in-vitro true digestibility of faba bean straw was estimated using a Daisy II Incubator based 
on the modified two stage in vitro Tilley and Terry procedure (1963) as modified by Van Soest 
and Robertson (1985). The dried and ground (1 mm) sample of faba bean straw was placed in 
filter bags (F57) made from polyester/ polyethylene extruded filaments (50 x 55 mm exterior 
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size). The rumen fluid was taken before the morning feed (before feeding the diet supplement). 
Not more than 15 minutes before the trial starts, one liter rumen fluid was collected by using a 
rumen cannula in equal proportions from two donor sheep under the same feeding regime (at 
Hawassa University, baled natural pasture grass hay from Sululta given ad libitum and a total 
of 2.4 kg faba bean straw given per day as supplement). The sample was filtered through two 
layers of cheese cloth into a warm flask (kept in a bucket of water at 38°C) and flushed with 
carbon dioxide (CO2) (Osuji et al., 1993).   
According to Ankom’s recommendations, 0.50 g of sample per bag was weighed. The bags (2 
jars x 2 replications) were then incubated in an incubation jar in buffered ruminal fluid for 48 
h. After incubation, the jars were drained and the bags rinsed thoroughly with cold tap water. 
The bags with residues were boiled for 75 min in neutral detergent solution (in an Ankom200/220 
apparatus). After the solution was removed, 2 liters of hot (90°C-100°C) H2O and 4.0 ml of α-
amylase were used in the first and second rinses of bags. The bags were then oven dried and 
weighed immediately after the samples were allowed to cool to room temperature. 
 
3.4.4. Chemical Analysis   
The samples were dried in the forced air drying oven at 60°C for 48 hours and then ground to 
pass a 1 mm screen. The ground samples were oven dried at 1050C over night for determination 
of dry matter (DM). The nitrogen (N) content was determined by Kjeldahl method, and Crude 
protein concentration (CP) was calculated by multiplying N concentration by 6.25 (AOAC, 
1995). Ash was determined by igniting the samples over night at 550oC in a muffle furnace 
(AOAC, 1995).    
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The chemical composition and IVTOMD contents were determined using the Near Infrared 
Reflectance Spectroscopy (NIRS) facilities available at International Livestock Research 
Institute (ILRI). The metabolizable energy (ME) content was estimated from IVTOMD value 
using the equation:  ME (MJ/kg DM) =0.15*IVOMD (g/kg) (Beever and Mould, 2000).    
 
3.5. Statistical Analysis   
In order to analyse the data gathered for the survey descriptive statistics, using Statistical 
Package for Social Sciences (SPSS version 16), was used to identify the different socio 
economic situations in the Woreda which were gathered by the pre-testing questionnaire. The 
data for major feed resource, forage and faba bean preference were ranked by using Index 
method (Kosgey, 2004). The net returns were calculated by deducting the cost of treatment from 
its gross returns: RNR = GR-EC (CIMMYT, 1998) 
Where, RNR = Relative net returns, GR = Gross returns, and EC = Extra cost. 
Data on agronomic parameters, faba bean straw dry matter yield, chemical composition, 
IVTOMD, IVTDMD and ME of faba bean straw were analyzed using the General Linear Model 
(GLM) procedure of the statistical analysis system (SAS 2002). Tukey's Student Range Test 
was used to determine the statistical significances between treatment means at 5% level of 
significance.   The model for determining data for the trial was:  
Yijk =µ+ Ai+Bj+ Ck+ Eijk                
 Where:  Yijk = the measured response  
                µ = overall mean                  
                  Ai = variety effect                                          
                  Bj = management effect  
                  Ck = interaction effect of j
th management and ith variety  
                  Eijk = the error term associated with each Yijk                                                                                                                                                                                                           
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The model for oat and weed DM yield was: 
Yijk =µ+ Di+Fj+ Gk+ Eijk                
 Where:  Yijk = the measured response  
                µ = the overall mean                  
                  Di = effect of i
th faba bean variety                                         
                  Fj = effect of j
th cutting round   
                  Gk = interaction of j
th cutting round and ith faba bean variety  
                                                      Eijk = the error term  
 
 
 
4. RESULTS 
 
4.1. Household survey analysis  
 
4.1.1. Family size, Land holding and on-farm feed production  
In the study area, on average about 89.9% of the respondents were male headed farmers while 
10.1% were females (Appendix table 2). The studied households had on average a family size 
of 5.53±0.14 (being 5.98±0.20 in Upper Gana and 5.07±0.19 in Jawe). In Upper Gana, the 
family size was significantly (P<0.01) higher than in Jawe. The age of respondents varied 
between 44.79±1.67 and 52.07±1.63 years with an average of 48.43±1.17years (Table 3).  The 
number of productive people (15-60 years of age) per household was greater in Upper Gana 
than in Jawe kebeles. However, the average number of unproductive household member was 
similar in both kebeles. 
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Table 3. Family size and age of respondents at the two kebeles of Lemo Woreda   
 
Description 
Kebele  
Over all mean Upper Gana Jawe 
Mean±SE Mean±SE Mean±SE 
Male members aged < 15 years 1.19±0.14 0.89±0.12 1.04±0.09 
Male members aged 15-65 years 2.00±0.14a 1.49±0.13b 1.74±0.10 
Male members aged >65 years - 0.16±0.05 0.08±0.03 
Female members aged < 15 years 0.96±0.11 1.02±0.12 0.99±0.08 
Female members aged 15-65 years 1.77±0.15 1.45±0.12 1.61±0.09 
Female members aged >65 years 0.08±0.04 0.05±0.03 0.06±0.02 
Total  5.98±0.20a 5.07±0.19b 5.53±0.14 
Age of the respondent 44.79±1.67 52.07±1.63 48.43±1.17 
SE= standard error; _= not available; (N =53 for Upper Gana kebele and N=55 for Jawe 
kebele) 
Figure 1 indicates the educational status of respondent household heads. About 26.9% of the 
respondents were illiterate, whereas the remaining had educational background for basic 
education (39.8%), primary education (25 %) and secondary education (8.3 %).  
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               (Respondents: Upper Gana = 53; Jawe = 55) 
Figure 1. Frequency distribution of educational status in the study area 
Table 4 shows total land size, land allocated for faba bean and different improved forage 
production, faba bean straw and forage biomass produced on-farm by the respondents. The 
mean total land holding in Upper Gana kebele was higher (1.79±0.13ha) as compared to the 
average in Jawe kebeke (1.00±0.07ha). The respective land holding allocated for faba bean 
production was 0.24±0.06 ha and 0.16±0.03 ha in Upper Gana and Jawe kebeles, respectively.   
According to the current survey, the average areas cultivated for faba bean crop and forage 
production were 0.21±0.03 ha and 0.03±0.01ha, respectively. The feed production from the 
respective faba bean and forage plots was estimated to be 1.22±0.10 t ha-1 of straw and 2.08±0.43 
t ha-1 of improved forage. In Upper Gana, more faba bean straw (1.69±0.16 t ha-1) and improved 
fodder (3.22±0.62 t ha-1) was produced than in Jawe (0.76±0.06 t ha-1 straw and 0.94±0.59 t ha-1 
improved forage).   
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Table 4. Land holding and feed production per household in Upper Gana and Jawe kebeles  
 
Variables 
Kebele Over all 
mean Upper Gana Jawe 
N Mean±SE N Mean±SE Mean±SE 
Land size(ha)      
Total land size 53 1.79±0.13a 55 1.00±0.07b 1.39±0.08 
The land allocated for faba 
bean 49 0.24±0.06 51 0.16±0.03 0.21±0.03 
The land allocated for 
improved forage crops  33 0.04±0.01 55 0.02±0.00 0.03±0.01 
Feed production (t ha-1)        
Faba bean straw yield 49 0.17±0.16a 51 0.08±0.06b 0.12±0.10 
Improved forage fresh 
biomass yield 33 0.32±0.62a 55 0.09±0.59b 0.21±0.43 
a,b, means with different supper subscript letters within the same raw are significantly different at 
p<0.05; N= number; SE= standard error; t ha-1= tonl per hectare.  
 
 
 
4.1.2. Livestock Holding and herd structure 
The total numbers of livestock and herd structure per household in the study area are presented in 
Table 5. The current results indicate that, the average livestock holding per household in the study 
area was 6.73±0.62 TLU. The average local and cross bred cattle size were 5.78±0.47 TLU and 
0.37±0.13 TLU, respectively. Considerable variation was observed in terms of herd species 
composition, although the mean TLU of cross-bred cattle and goats were comparable. The 
number of sheep (0.23±0.04 TLU) per household was greater (P<0.01) in Upper Gana than in Jawe 
kebele. The average number of donkey per household was higher (P<0.05) in Jawe as compared to that 
in Upper Gana, whereas the population of mules was higher (P<0.001) in Upper Gana.  
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Table 5. Livestock composition (TLU) per household in the study area  
Livestock species 
Kebele 
Over all mean Upper Gana Jawe 
Mean± SE Mean± SE Mean± SE 
Cattle  
Local cattle  
Cross-bred cattle  
6.79±0.66a 
6.30±0.48 
0.49±0.18 
4.75±0.59b 
4.53±0.47 
0.22±0.12 
5.78±0.47 
5.41±0.34 
0.37±0.13 
Sheep 0.23±0.04a 0.21±0.04b 0.22±0.03 
Goats 0.08±0.01 0.02±0.01 0.05±0.01 
Donkey 0.38±0.05b 0.55±0.06a 0.46±0.04 
Horse  0.12±0.06 - 0.06±0.03 
Mule 0.24±0.07a 0.08±0.04b 0.16±0.04 
Total herd size  7.84±0.89 5.61±0.74 6.73±0.62 
a,b means with different letters in the same row are different (P<0.05)  (N= 53 for Jawe, N= 55 for Upper 
Gana); SE= standard error; - = not available; TLU= tropical livestock unit.   
 
 
4.1.3. Major Feed Resources   
According to the respondents, the major livestock feed resources in the area were crop residues 
(wheat straw, teff straw and faba bean straw), natural pasture, weeds and forage crops (desho 
grass, oats, vetch and treelucern tree in their descending order) (Table 6). The major crops 
grown by farmers in the study area are wheat, teff, field pea, and faba bean. However, wheat 
constituted the largest share of crop residue fed to livestock followed by teff. In both Jawe and 
Upper Gana kebeles, crop residue was main source of livestock feed followed by natural 
pasture, weed and improved forage crops. The availability of each type of crop residue was 
similar among both kebeles (Table 6).  
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Table 6. Major feed sources in Upper Gana and Jawe kebeles ranked according to their 
contribution to the diet of livestock 
Feed resources   
Upper Gana Jawe 
Index Rank Index Rank 
Weeds 0.21 3rd 0.20 3rd 
Crop residue    0.33 1st 0.34 1st 
Natural pasture    0.28 2nd 0.29 2nd 
Improved forage crops 0.18 4th 0.17 4th 
Index = Sum of (4×number of HHs ranked 1st) + (3 × number of HHs ranked 2nd) + (2×number of HHs 
ranked 3rd) + (1×number of HHs ranked 4th) for particular feed source divided by sum of (number of 
HHs ranked 1st) + (number of HHs ranked 2nd) + (number of HHs ranked 3rd) + (number of HHs ranked 
4th) for all feed source.  
 
According to the sampled respondents, natural pasture was the second major feed resource, 
whereas cultivating improved forages to alleviate feed shortage was rarely practiced in Jawe 
and Upper Gana kebeles.  
 
 
 
 
 
 
Table 7. Rank of respondents on improved forage species preference (%)    
Improved forage species  
Upper Gana Jawe 
Index Rank Index Rank 
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Desho grass 0.21 3rd 0.22 2nd 
Elephant grass 0.20 4th 0.19 4th 
Oats-vetch   0.26 1st 0.27 1st 
Tree lucern  0.22 2nd 0.21 3rd 
Not answered  0.11 - 0.11 - 
Index = Sum of (3×number of HHs ranked 1st) + (2 × number of HHs ranked 2nd) + (1×number of HHs 
ranked 3rd) for particular feed source divided by sum of (number of HHs ranked 1st) + (number of HHs 
ranked 2nd) + (number of HHs ranked 3rd) for all feed source. (N=42 for Upper Gana and N= 47 for 
Jawe).  
 
With regard to preference for improved forage species, in the Upper Gana, farmers chose oat-
vetch followed by tree Lucerne, desho and elephant grass, whereas in Jawe, they preferred oat-
vetch followed by desho grass, tree Lucerne and elephant grass. The most preferred forage 
species in both Jawe and Upper Gana kebeles was improved oat-vetch (Table 7).   
 
4.1.4. The experience of faba bean cultivation by respondents in relation to livestock feed  
As shown in table 8, the sampled households grow faba beans for home consumption, income, 
livestock feed and soil fertility, in a descending order. The sampled households in Upper Gana 
and Jawe mentioned that home consumption was their main purpose of growing faba beans, but 
livestock feed ranked third.    
 
Table 8. Percentage of the respondents (%) on purpose of growing faba bean.  
 
Variables 
 
Upper Gana 
 
Jawe 
 
Index 
 
Rank 
 
Index 
 
Rank 
 
Livestock feed  
 
0.19  
 
3rd 0.22  
 
3rd 
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Income 
 
0.26 
 
2nd 0.28 
 
2nd 
 
Home consumption 
 
0.38 
 
1st   0.33 
 
1st  
 
Soil fertility  
 
0.18 
 
4th 0.17 4th 
NB= Index = sum of (3×number of HHs ranked 1st) + (2 × number of HHs ranked 2nd) + (1×number of 
HHs ranked 3rd) for particular reason of growing faba bean divided by sum of (number of HHs ranked 
1st) + (number of HHs ranked 2nd) + (number of HHs ranked 3rd) for all reasons. 
 
Table 9 presents faba bean variety preferences of farmers and their reason for choosing varieties. 
Nearly 23.6% of farmers in Jawe preferred Dosha whereas 28% of the farmers in Upper Gana 
preferred Gebelcho. Farmers’ reasons for preferring improved faba bean varieties were high 
yielding followed by early maturity in both kebeles, but very few respondents in Upper Gana 
(5.7%) and Jawe (1.8%) mentioned for straw quality.   
According to the current study, farmers in the study kebeles had similar traditional weeding 
practice of faba bean crop. About 43.4% in Upper Gana and 45.5 % in Jawe of sampled 
households mentioned that they do not weed the faba bean crop. 37.7 % of the respondent in 
Upper Gana and 41.8% in Jawe practiced weeding only once (Table 9).  
  
 
 
 
Table 9. Faba bean varieties preferred by the respondents, the reason of preference and weeding 
frequency   
Variables  Kebele Over all 
Upper Gana Jawe 
N Percent N Percent N Percent 
Faba bean varieties preferred        
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Gebelcho 15 28.3 6 10.9 21 19.6 
Dosha 7 13.2 13 23.6 20 18.4 
Tumsa 6 11.3 11 20.0 17 15.65 
Local 1 1.9 3 5.5 4 3.7 
Not preferred  24 45.3 22 40 46 42.65 
Reasons        
High yield 16 30.2 15 27.3 31 28.75 
Early maturity  7 13.2 10 18.2 17 15.7 
Quality forage  3 5.7 1 1.8 4 3.75 
Drought and disease 
resistant 
- - 6 10.9 6 5.4 
Resistance to water logging 3 5.7 1 1.8 4 3.75 
Not answered  24 45.3 22 40 46 42.65 
Weeding frequency of faba 
bean 
      
Not weeding  23 43.4 25 45.5 48 44.45 
Weeding one time 20 37.7 23 41.8 43 39.75 
Weeding two times 6 11.3 3 5.5 9 8.4 
Not responded 4 7.6 4 7.2 8 7.4 
N= number; FB= faba bean; _= not available.  
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4.2. Effects of variety and management practices on the performance of 
improved faba bean varieties 
 
4.2.1. Agronomic characteristics    
 
The lengths required by each faba bean variety under different management practices to reach 
the flowering and maturity dates, vigor and plant height at maturity are shown in Table 10. No 
significant (P>0.05) difference was observed in vigor among faba bean varieties grown under 
the three management practices.  
Variations were observed among faba bean varieties grown under different management 
practices in days to flowering. CS-20DK in traditional (39 days) and improved (40 days) 
managements and Walki (39.33 days) in improved management took fewer number of days 
(P<0.01) to flower. But Gebelchu (44.67 days) in the intercropping management took more 
number of days (P<0.01) to flower. Generally, the average number of days to flowering were 
more (P<0.01) in intercropping and improved managements than traditional management.    
 
Substantial differences were found between faba been varieties in days to maturing under 
different management practices. CS-20DK constantly required fewer number of days (P<0.001) 
to mature as compared to the remaining faba bean varieties under the three management 
practices, except Walki in improved management (Table 10). Dosha consistently took more 
number of days (P<0.001) to mature across all management practices. Faba bean varieties 
grown as intercropping took more number of days (110.20) to mature than in traditional 
(107.07) and improved (105.87) management practices.    
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Table 10. Least square means for vigor, days to flowering and maturity and height at maturity 
of different faba bean varieties under different management practices at Lemo  
Management 
practice 
Faba bean 
variety 
Vigor 
(1-5 scale)* 
Days to 
flowering 
Days to 
maturity 
Height at 
maturity (cm) 
Mean ± SE Mean ± SE Mean ± SE Mean ± SE 
Traditional CS-2ODK 3.53±0.25 39.00±0.61h 99.33±1.28e 84.87±5.34bcd 
 Tumsa 3.80±0.25 42.00±0.61cde 114.00±1.28a 95.80±5.34ab 
 Walki 3.67±0.25 40.67±0.61efgh 104.00±1.28cd 88.93±5.34b 
 Gebelchu 3.67±0.25 40.33±0.61efgh 100.33±1.28de 90.80±5.34b 
 Dosha 4.20±0.25 42.67±0.61bcd 117.67±1.28a 92.00±5.34b 
Improved CS-2ODK 3.60±0.25 40.00±0.61fgh 98.00±1.28e 88.00±5.34bcd 
 Tumsa 4.93±0.25 41.33±0.61def 110.00±1.28b 110.40±5.34a 
 Walki 3.87±0.25 39.33±0.61gh 99.00±1.28e 88.53±5.34bc 
 Gebelchu 3.97±0.25 44.33±0.61ab 104.67±1.28c 84.07±5.34bcd 
 Dosha 3.87±0.25 44.00±0.61ab 117.67±1.28a 93.07±5.34b 
Intercropping CS-2ODK 3.63±0.25 41.00±0.61defg 99.33±1.28e 73.07±5.34d 
 Tumsa 3.70±0.25 42.00±0.61cde 114.67±1.28a 83.80±5.34bcd 
 Walki 3.83±0.25 40.67±0.61defg 106.67±1.28bc 73.40±5.34cd 
 Gebelchu 4.23±0.25 44.67±0.61a 114.33±1.28a 89.00±5.34b 
 Dosha 4.07±0.25 43.33±0.61abc 116.00±1.28a 83.57±5.34bcd 
MSE 0.43 1.06 2.22 9.26 
Significance (P-value)     
Variety 0.0825 <0.0001 <0.0001 0.0187 
MP 0.2418 0.0042 <0.0001 0.0024 
Variety*MP 0.0848 0.0045 <0.0001 0.2932 
 SE= standard error; cm= centimeter; MP= management practice; MSE= mean square error; *= 
vigor scale (1 = the lowest and 5 = the highest vigor). 
 
 
Plant height for varieties of faba beans at maturity under different management showed 
significant (p<0.05) difference. Tumsa (110.4 cm) had the highest height at maturity under 
improved management compared with other management practices and varieties, whereas CS-
20DK (73.07 cm) and Walki (73.40 cm) had the shortest height at maturity under intercropping 
than the remaining management practices and varieties. Besides, the height at maturity was 
similar under all management practices for Dosha and Gebelchu (Table 10). In general, the 
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mean height (cm) of faba bean varieties ranged from 84.87 (CS-20DK) to 95.80 (Tumsa), 84.07 
(Gebelchu) to 110 (Tumsa), 73.07 (CS-20DK) to 89.00 (Gebelchu) under traditional, improved 
and intercropping management practices, respectively.  
The interaction effect of faba bean variety and management practice had also significant effect 
(P<0.01) on days to flowering and days to maturing (Table 10). When faba bean variety 
“Gebelchu” grown under intercropping, days to flowering increased significantly (P<0.01) as 
compared to the traditional management practices, whereas days to maturity for ‘Dosha’ 
decreased significantly (P<0.01) under intercropping than that of the remaining management 
practices.  
 
4.2.2. Yield and yield components  
 
Plant tiller, numbers of pods per plant, number of seeds per pod and grain yield for different 
faba bean varieties are presented in Table 11. Differences were observed in plant tiller (P< 
0.001) among management practices. In the traditional management, the number of tiller varied 
from 1.00(Gebelchu) to 1.40 (Tumsa). Plant tiller ranged from 1.07 (Gebelchu) to 1.50 (Tumsa) 
under improved management practice and from 0.43 (CS-20DK) to 0.83 (Tumsa and Dosha) 
under intercropping. The least (P<0.001) number of tillers were found under intercropping 
compared with the other management practices.   
 
Number of pods per plant varied between management practices. Walki had the highest (6.60) 
number of pods per plant in improved management practice, while, the least number of pods 
per plant was observed for Tumsa (3.57) under intercropping and Gebelchu (3.97) under 
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traditional management practices. The mean number of pods was less (P<0.01) in intercropping 
than traditional and improved management practices.   
 
The mean number of seeds per pod (SPP) varied between faba bean varieties and management 
practices. The lowest (P<0.05) number of seeds per pod was for Walki (2.13) and highest 
(P<0.05) was for Dosha (2.90). The SPP count varied from 2.63 (Tumsa and Walki) to 2.83 
(CS-20DK) in traditional management, 2.40 (Walki) to 2.90 (Dosha) in improved management 
and, 2.13 (Walki and Gebelchu) to 2.63 (Dosha) under intercropping management. Among the 
three management practices, the lowest (P<0.001) SPP was observed under intercropping than 
the other management practices.  
 
Considerable differences were also observed among varieties in grain yield (t ha-1) under 
different management practices. The mean grain yield varied from 2.77 t ha-1  (CS-20DK) to 
4.37 t ha-1 (Dosha) in traditional, 3.31 t ha-1 (CS-20DK)  to 5.54 t ha-1 (Tumsa) under improved 
management and 1.28 t ha-1 (CS-20DK) to 2.98 (Gebelchu) under intercropping management. 
The highest (P<0.01) grain yield was for Tumsa (5.54 t ha-1) in improved management and the 
lowest (P<0.01) was for CS-2ODK (1.28 t ha-1) under intercropping management. It was 
generally shown that faba bean varieties grown under intercropping had lower grain yield 
compared with other management practices. The interaction effect of variety and management 
practice showed significant difference (P = 0.0073) in grain yield. The grain yield of Tumsa 
under improved management was 25 % and 51 % greater than those under traditional and 
intercropping management practices, respectively. 
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Table 11. Least square means for tiller count, number of pods per plant (PPP), number of seeds 
per pod (SPP) and grain yield of faba bean varieties  
Management 
practice 
Faba bean 
variety 
Tiller count 
(n) 
PPP 
(n) 
SPP 
(n) 
Grain yield 
(t ha-1) 
Mean ± SE Mean ± SE Mean ± SE Mean ± SE 
Traditional CS-2ODK 1.03±0.16bcde 5.30±0.62abc 2.83±0.12ab 2.77±0.31cdef 
 Tumsa 1.40±0.16ab 4.40±0.62bc 2.63±0.12bcde 4.15±0.31abc 
 Walki 1.03±0.16bcde 5.00±0.62abc 2.63±0.12bcde 3.18±0.31bcde 
 Gebelchu 1.00±0.16bcde 3.97±0.62c 2.70±0.12abc 3.06±0.31bcde 
 Dosha 1.23±0.16abc 4.50±0.62bc 2.70±0.12abc 4.37±0.31ab 
Improved CS-2ODK 1.13±0.16abcd 5.80±0.62ab 2.67±0.12bcd 3.31±0.31bcde 
 Tumsa 1.50±0.16a 5.30±0.62abc 2.70±0.12abc 5.54±0.31a 
 Walki 1.40±0.16ab 6.60±0.62a 2.40±0.12cdef 3.93±0.31abcd 
 Gebelchu 1.07±0.16abcd 4.33±0.62bc 2.50±0.12bcde 3.62±0.31bcde 
 Dosha 1.17±0.16abcd 5.90±0.62ab 2.90±0.12a 3.49±0.31bcde 
Intercropping CS-2ODK 0.43±0.16f 4.20±0.62bc 2.30±0.12ef 1.28±0.31f 
 Tumsa 0.83±0.16cdef 3.57±0.62c 2.33±0.12def 2.67±0.31def 
 Walki 0.70±0.16ef 4.33±0.62bc 2.13±0.12f 2.23±0.31ef 
 Gebelchu 0.77±0.16def 4.43±0.62bc 2.13±0.12f 2.98±0.31bcde 
 Dosha 0.83±0.16cdef 4.47±0.62bc 2.63±0.12bcde 2.32±0.31def 
MSE 0.27 1.08 0.21 0.54 
Significance (P-value)     
Variety 0.0585 0.2001 0.0112 <0.0001 
MP < 0.0001 0.0045 < 0.0001 <0.0001 
Variety*MP 0.7473 0.7381 0.5019 0.0073 
SE= standard error; PPP= number of pods per plant; SPP= seeds per pod; t ha-1 = tone per hectare; 
MSE = mean square error; MP = management practice; n= number 
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4.2.3. Dry matter Yield  
 
Table 12 shows the straw DM yield (t ha-1) of faba bean varieties under different management 
practices. The mean straw DM yield varied between faba bean varieties and management 
practices. The highest (P=0.0053) straw DM yield (t ha-1) was for Tumsa under improved (9.82) 
and intercropping management (7.92), followed by Gebelchu and Dosha under improved 
management practice, whereas CS-20DK (1.70) produced lowest (P=0.0053) straw DM yield (t 
ha-1) under intercropping management than other management practices. Straw DM yield of 
Tumsa under improved management was 19 % greater than that of under intercropping 
management. Faba bean varieties grown under improved management produced highest straw 
DM yield than other management practices.     
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Table 12. The mean straw DM yield of faba bean varieties grown under different management 
practices   
Management practice Faba bean variety 
Straw DMY 
(t ha-1) 
Mean ± SE 
Traditional CS-2ODK 3.03±0.66efg 
 Tumsa 5.55±0.66cd 
 Walki 4.31±0.66def 
 Gebelchu 4.58±0.66de 
 Dosha 6.13±0.66bcd 
Improved CS-2ODK 4.07±0.66def 
 Tumsa 9.82±0.66a 
 Walki 4.79±0.66de 
 Gebelchu 7.30±0.66bc 
 Dosha 7.64±0.66b 
Intercropping CS-2ODK 1.70±0.66g 
 Tumsa 7.92±0.66ab 
 Walki 2.74±0.66efg 
 Gebelchu 4.74±0.66de 
 Dosha 2.43±0.66fg 
MSE 1.14 
Significance (P-value)  
Variety < 0.0001 
MP < 0.0001 
Variety*MP 0.0053 
SE= standard error; DMY = dry matter yield; t ha-1 = tone per hectare; MSE = mean square error; MP = 
management practice; n= number. 
 
 
Dry matter yield of oats intercropped with five faba bean varieties harvested at different cutting 
rounds is presented in Table 13. There was no significant (P>0.05) difference in oat DM yield 
(t ha-1) grown under different faba bean varieties. But, variation was observed in DMY between 
cutting rounds of oats. The DM yield of oats ranged from 3.08 (Gebelchu) to 3.92 (CS-20DK) 
at first cut, from 3.46 (Gebelchu) to 4.55 (CS-20DK) at second cut, from 7.97 (Dosha) to 11.00 
(CS-20DK) at third cut, from 1.44 (Walki) to 2.12 (CS-20DK) at fourth cut. The highest 
 35 
 
(P<0.001) DM yields of oats were observed at third cutting and the lowest (P<0.001) DM yields 
were at the last cutting as compared with DM yield at the remaining cutting stages.  
 
Table 13. Mean dry matter yield of oat (Acc.8237) (t ha-1) fodder intercropped with five 
different faba bean varieties and harvested four times at different stages of crop growth.  
Faba bean variety Cutting 
 
Total oat yield 
1st cut 2nd cut 3rd cut 4th cut 
CS-20dk 3.92 4.55 11.00 2.12 21.59 
Tumsa 3.68 4.01 10.00 1.62 19.31 
Walki 3.51 4.39 10.65 1.44 19.99 
Gebelchu 3.08 3.46 8.05 1.52 16.11 
Dosha 3.36 4.32 7.97 1.46 17.11 
SEM 
P-value 
               0.77 
*cutting  = <0.0001 
  
 *FB variety = 0.1061   
 *cutting*variety = 0.768   
 
SEM= standard error of mean; t ha-1 = quintal per hectare. 
 
 
Table 14 shows weed fodder yield harvested from traditionally managed plots of five different 
faba bean varieties. DM yield (t ha-1) of weeds was significantly (P<0.01) affected by cutting 
stages. The DM yield of weeds varied from 2.69 (CS-20DK) to 4.45 (Walki) at first cut and 
from 1.33 (Dosha) to 2.35 (CS-20DK) at second cut. The DM yield of weeds grown under all 
faba bean varieties was higher at the first cut than to the second cut.   
 
 
 36 
 
Table 14. Mean dry matter yield of weed (t ha-1) from traditionally managed faba bean plots. 
Faba bean variety 
Cuttings 
Total weed fodder 
yield 
(t ha-1) 1st cut 2nd cut 
CS-20dk 2.69 2.35 5.04 
Tumsa 3.85 1.77 5.62 
Walki 4.45 2.24 6.69 
Gebelchu 3.00 1.61 4.61 
Dosha 3.35 1.33 4.68 
SEM 0.79 
 P-value * cutting = 0.0042 
 *FB variety = 0.6694  
 *cutting*variety = 0.7464  
SEM= standard error of mean; q ha-1 = quintal per hectare. 
 
 
Figures 2, 3 and 4 show summary of total feed dry matter, protein and metabolizable energy 
yields under the three management practices. The highest (P<0.001) total dry matter yield was 
under intercropping (23.55 t ha-1), whereas the lowest was under the improved management 
practice (6.72 t ha-1). Also, under intercropping, the total protein and metabolizable energy 
yields were greater than under traditional and improved management practices.   
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Figure 2: Feed dry-matter yield under the three management practices.  
 
Figure 3: Crude protein yield in traditional, improved and intercropping management practices.  
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Figure 4: Metabolizable energy yield attained under the three management practices.  
 
4.2.4. Chemical composition and digestibility of straws of faba bean varieties under 
different management practices   
 
Chemical contents of straws of five different faba bean varieties are presented in Table 15. There 
was no significant (P>0.05) difference among faba bean varieties and management practices in 
ash contents. Significant (P=0.0054) difference was observed in CP (%) content among faba 
bean varieties and management practices. Walki (12.36) under intercropping had the highest 
crude protein content, followed by CS-20DK (11.17) and Gebelchu (10.81) in the same 
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Dosha (6.65) grown under traditional management practice. Hence the CP content of Walki 
under intercropping was 34 % and 12 % greater than the content in traditional and improved 
0
20
40
60
80
100
120
140
160
180
200
Traditional Improved Intercropping
Y
ie
ld
 (
G
J 
h
a-
1
)
Management practices
Total ME yield
Total ME yield
 39 
 
managements, respectively. In general, the mean CP content was highest under intercropping 
and lowest in traditional management practice.   
 
The NDF content (%) ranged from 54.26 (Walki) to 67.35 (CS-20DK) in traditional 
management, from 48.49 (CS-20DK) to 71.90 (Gebelchu) under improved and from 48.04 
(Walki) to 64.75 (Tumsa) under intercropping management practice. The highest (P=0004) 
NDF content was for the variety ‘Gebelchu (71.90)’ grown under improved management 
practice, while NDF content was the least (P=0004) for Walki (48.04) grown under 
intercropping compared with the other varieties and management practices. Therefore, NDF 
content of Walki under intercropping was 13 % and 28 % lower as compared to the content 
under traditional and improved managements, respectively. Generally, the NDF content was 
lower under intercropping than the remaining management practices. 
     
Differences were observed in ADF content among faba bean varieties and management 
practices. The ADF content (%) varied from 51.72(Walki) to 64.3 (Gebelchu) in traditional 
management. Under improved management, the ADF content ranged from 45.38 in CS-20DK 
to 68.27 in Gebelchu. The ADF content under intercropping management varied from 46.47 in 
Walki to 62.39 in Tumsa. The mean ADF content was lower in intercropping compared with 
improved and traditional management practices.   
 
There were significant (P=0.0306) differences among faba bean varieties and management 
practices in ADL content.  The mean ADL content % for the faba bean varieties ranged from 
8.85 (Walki) to 10.81 (Tumsa) in traditional, from 9.85 (CS-20DK) to 14.85 (Dosha) under 
improved management and from 8.61 (Walki) to 12.87 (Tumsa) under intercropping 
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management practice. The highest (P=0.0306) ADL content was observed for variety Dosha 
(14.85) in improved management and the lowest (P=0.0306) was for Walki (8.61) and CS-20DK 
(8.76) under intercropping management compared with the other management practices and 
varieties. Thus, ADL content of Walki under intercropping was 7 % and 18 % less than that of 
the content under traditional and improved managements, respectively. The mean ADL content 
ranked in the following order: improved > intercropping > traditional management practice.   
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Table 15. Least square means for chemical composition of straws of different faba bean varieties under different managements    
Management 
practice 
Faba bean 
variety 
Chemical composition (DM %) 
Ash CP NDF ADF ADL Cellulose HC 
Mean ± SE Mean ± SE Mean ± SE Mean ± SE Mean ± SE Mean ± SE Mean± SE 
Traditional CS-2ODK 8.61±0.64 10.39±0.45abc 67.35±2.45ab 64.25±2.46ab 9.05±0.55ef 55.19±2.56ab 3.10±0.36abc 
 Tumsa 8.82±0.64 6.73±0.45g 66.17±2.45ab 63.53±2.46ab 10.81±0.55cdef 52.72±2.56abc 2.64±0.36abc 
 Walki 8.06±0.64 8.12±0.45defg 54.26±2.45bcde 51.72±2.46bcde 9.18±0.55def 42.54±2.56bcde 2.54±0.36abc 
 Gebelchu 8.77±0.64 9.22±0.45cdef 66.85±2.45ab 64.30±2.46ab 8.85±0.55ef 55.45±2.56ab 2.55±0.36abc 
 Dosha 9.07±0.64 6.65±0.45g 65.58±2.45ab 63.06±2.46ab 10.45±0.55cdef 52.61±2.56abc 2.52±0.36abc 
Improved CS-2ODK 9.09±0.64 9.06±0.45cdef 48.49±2.45de 45.38±2.46e 9.85±0.55def 35.53±2.56e 3.11±0.36abc 
 Tumsa 9.55±0.64 7.12±0.45fg 67.83±2.45a 63.82±2.46ab 13.37±0.55ab 50.45±2.56abcd 4.01±0.36a 
 Walki 7.90±0.64 10.77±0.45ab 61.50±2.45abcd 58.93±2.46abcd 10.19±0.55cdef 48.74±2.56bcde 2.58±0.36abc 
 Gebelchu 7.56±0.64 10.13±0.45bcde 71.90±2.45a 68.27±2.46a 11.74±0.55bcde 56.53±2.56a 3.63±0.36ab 
 Dosha 9.26±0.64 7.46±0.45efg 70.53±2.45a 67.51±2.46a 14.85±0.55a 52.66±2.56abc 3.02±0.36abc 
Intercropping CS-2ODK 8.76±0.64 11.17±0.45ab 50.42±2.45cde 48.60±2.46cde 8.76±0.55f 39.84±2.56cde 1.82±0.36bc 
 Tumsa 8.89±0.64 8.25±0.45defg 64.75±2.45ab 62.39±2.46ab 12.87±0.55abc 49.52±2.56abcd 2.36±0.36abc 
 Walki 8.09±0.64 12.36±0.45a 48.04±2.45e 46.47±2.46de 8.61±0.55f 37.86±2.56de 1.57±0.36c 
 Gebelchu 9.38±0.64 10.81±0.45ab 62.49±2.45abc 60.56±2.46abc 10.87±0.55cdef 49.69±2.56abcd 1.93±0.36bc 
 Dosha 8.00±0.64 9.50±0.45bcde 62.95±2.45abc 60.89±2.46abc 12.05±0.55abcd 48.8±42.56bcdef 2.06±0.36bc  
MSE 1.10 0.77 4.24 4.25 0.96 4.43 0.62 
Significance (P-value)        
Variety 0.3377 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.1420 
MP 0.9911 <0.0001 0.0002 0.0018 <0.0001 0.0014 <0.0001 
Variety*MP 0.4878 0.0054 0.0004 0.0005 0.0306 0.0026 0.5662 
CP= crude protein; NDF= neutral detergent fiber; ADF= acid detergent fiber; ADL= acid detergent lignin; HC= hemi-cellulose; NS= non-
significant; SD= standard deviation; MP= management practice.    
 42 
 
The highest (P=0.0026) cellulose content (%) was observed for Gebelchu (56.53) under 
improved management, whereas, the lowest (P=0.0026) cellulose content was observed for the 
variety ‘CS-20DK (35.53)’ grown as intercropping. The mean cellulose content of faba bean 
varieties grown under intercropping was relatively lower than the remaining management 
practices.  
 
The mean hemicellulose content (%) varied from 1.57 (Walki) to 2.36 (Tumsa) under 
intercropping, from 2.58 (Walki) to 4.01 (Tumsa) in improved and from 2.52 (Dosha) to 3.10 
(CS-20DK) in traditional management practice. In general, the hemicellulose content was 
lowest under intercropping and highest in improved management practice.  
 
Table 16. Chemical composition and digestibility of different management practices of faba 
beans (average of five varieties) 
Chemical components 
Management practices 
S.E.M* P-value Traditional Improved Intercropping 
Ash (%) 8.67 8.67 8.62 0.28 0.9911 
CP (%) 8.22b 8.91b 10.42a 0.20 <0.0001 
NDF (%) 64.04a 64.05a 57.73b 1.09 0.0002 
ADF (%) 61.37a 60.78a 55.78b 1.10 0.0018 
ADL (%) 9.67c 12.00a 10.64b 0.25 <0.0001 
Cellulose (%) 51.70a 48.78ab 45.15b 1.14 0.0014 
Hemi-cellulose (%) 2.67a 3.27b 1.95c 0.16 <0.0001 
IVTOMD (%) 46.75c 49.46b 51.33a 0.45 <0.0001 
IVTDMD (%) 61.45b 63.21b 68.46a 1.13 0.0004 
ME (MJ/kg DM) 6.68c 7.07b 7.34a 0.06 <0.0001 
abc means with different supper subscript letters in the same raw are significantly different ( P<0.05). 
*Standard error of means.  
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Differences were found in digestibility (OM and DM) and ME (MJ/kg DM) values between 
faba bean varieties and management practices. The mean IVTOMD value (%) ranged from 
43.32 (Tumsa) to 51.11 (CS-20DK) in traditional management, from 45.72 (Tumsa) to 51.02 
(Walki) under improved management and from 46.47 (Tumsa) to 55.71 (CS-20DK) under 
intercropping management practice. The highest IVTOMD value (%) was for CS-20DK (55.71) 
under intercropping management, whereas the lowest value was for Tumsa (43.32) in traditional 
management practice. In addition, IVTOMD value of the variety ‘CS-2ODK’ grown under 
intercropping had 8 % greater than that of the value under traditional and improved management 
practices.      
 
The IVTDMD values (%) varied from 55.28 (Dosha) to 67.21 (CS-20DK), 54.47 (Tumsa) to 
70.37 (CS-20DK), 65.33 (Tumsa) to 71.94 (CS-20DK) under traditional, improved and 
intercropping managements, respectively. Generally, IVTDMD value was higher under 
intercropping compared with traditional and improved management practices. Moreover, ME 
value (MJ/kg DM) was highest (P=0.0398) for CS-20DK (7.97) under intercropping and lowest 
for Tumsa (6.19) in traditional management practice. The mean ME value was highest under 
intercropping and lowest in traditional management practice. 
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Table 17. Least square means for ME (MJ/kg DM), in vitro OM and DM digestibility (%) of 
straws of different faba bean varieties grown under different management practices. 
  
IVTOMD IVTDMD  ME 
Mean ± SE Mean± SE Mean± SE 
Traditional CS-2ODK 51.11±0.98abcd 67.21±2.52ab 7.31±0.14abcd 
 Tumsa 43.32±0.98g 59.99±2.52bc 6.19±0.14g 
 Walki 48.99±0.98bcdef 63.76±2.52abc 7.00±0.14bcdef 
 Gebelchu 46.22±0.98defg 61.02±2.52abc 6.61±0.14defg 
 Dosha 44.11±0.98fg 55.28±2.52c 6.31±0.14fg 
Improved CS-2ODK 50.94±0.98abcde 70.37±2.52ab 7.28±0.14abcde 
 Tumsa 45.72±0.98efg 54.47±2.52c 6.54±0.14efg 
 Walki 51.02±0.98abcd 65.14±2.52abc 7.30±0.14abcd 
 Gebelchu 49.33±0.98bcdef 64.29±2.52abc 7.05±0.14bcdef 
 Dosha 50.28±0.98bcde 61.77±2.52abc 7.19±0.14bcde 
Intercropping CS-2ODK 55.71±0.98a 71.94±2.52a 7.97±0.14a 
 Tumsa 46.47±0.98cdefg 65.33±2.52abc 6.64±0.14cdefg 
 Walki 51.74±0.98abc 68.08±2.52ab 7.39±0.14abc 
 Gebelchu 53.19±0.98ab 70.90±2.52ab 7.61±0.14ab 
 Dosha 49.55±0.98bcde 66.03±2.52abc 7.08±0.14bcde 
MSE 1.70 4.36 0.24 
Significance (P-value)    
Variety <0.0001 0.0003 <0.0001 
MP <0.0001 0.0004 <0.0001 
Variety*MP 0.0417 0.3768 0.0398 
SE= standard error; IVTOMD= in vitro true organic matter digestibility; IVTDMD= in vitro true dry 
matter digestibility; % = percentage; ME= metabolizable energy; MJ= mega joule; Kg= kilogram; DM= 
dry matter; MP= management practice.  
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4.2.5. Economic analysis  
In order to evaluate the economic benefits of the different management practices, partial budget 
analysis was done. Three years average market grain price of faba bean (ETB 15 kg-1), oat 
forage seed (ETB 12 kg-1), farm gate price of faba bean straw (ETB 262 q-1), and oat forage 
(DM) (ETB 480 q-1) and based on the current market price, labor value at ETB 50 per person 
per day were used. Faba bean weeding was done for eight days per hectare and three persons 
per day were engaged in weeding. Therefore, the average extra labor cost for weeding in the 
improved management was Birr 3600 ha-1, but the other management costs were assumed to be 
the same for all practices. The forage seed cost under intercropping management practice was 
780 ETB ha-1.  
 
The result of partial budget analysis showed that intercropping management gave highest net 
benefit (49319 ETB ha-1), while the lowest (40530 ETB ha-1) net return was for traditional 
management practice (Table 18).  
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Table 18. Estimated economic returns of the different management practices from grain, straw and 
weed-oat forage based on mean dry matter (DM) yields production.  
 
Management 
practices 
Total 
feed 
yield 
(t ha-1) 
Returns 
(ETB ha-1) 
Extra costs 
(ETB ha-1) 
Net return 
(ETB ha-1) 
Grain 
 
Straw 
 
Weed 
/oat 
Total 
return 
Labor 
 
Forage 
seed 
Total 
cost 
Traditional 12.74 18782 20607 1141 40530 - - - 40,530 
Improved 10.70 19893 29364   49257 3600 - 3600 45,657 
Intercropping 25.84 14973 17053 18073 50099 - 780 780 49,319 
ETB ha-1= Ethiopian Birr per hectare; - = not available; the returns and variable costs were calculated based 
on the existing farm-gate prices of grains, straw, weed/oat and labor.    
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5. DISCUSSION 
 
5.1. Household survey analyses   
 
5.1.1. Family size, Land holding and on-farm feed production  
The average total family size in the study area is lower than the average report of Dawit et al. 
(2013). The average family size of households in Upper Gana implies stronger competition for 
land resources as compared to Jawe kebele. The low level of education of the households in 
Jawe could have an influence on the use of agricultural technologies and their contribution in 
development (Mulugeta, 2005).    
 
For farmers in Ethiopian who depend on agricultural production for their livelihoods, access to 
land in general is a basic concern. The levels of household food security and farm income mainly 
depend on land holdings. The average land holding per sampled household (1.39±0.08ha) in the 
study area is generally in agreement with the national average of 1.22 ha (CSA, 2012). 
 
Comparatively better on-farm feed production was reported in Upper Gana than Jawe kebele. 
In both kebeles, however, the amount of feed expected to be produced on-farm per household 
was very low and indicating deficiencies for year round feed supply for optimal livestock 
productivity. 
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5.1.2. Livestock holding and herd structure  
 
In both kebeles of the study area livestock are main system components. The average livestock 
number in the study area was lower than the report of Wondatir et al. (2011). In the current 
study, the higher number of cattle and sheep per household in upper Gana kebele than in Jawe 
could be due to suitable weather conditions and better grazing lands. The higher number of mule 
in Upper Gana as compared to Jawe kebele might be related to suitability of these animals for 
people to overcome transport problems. Horses were rarely kept in Upper Gana. Horses and 
donkeys are generally used as pack animals in these areas, but sometimes for pulling carts.      
 
5.1.3. Major feed resources   
Feed problem is one of the major factors that holds back the development and expansion of 
livestock production. Among the feed resources, crop residues followed by natural pasture 
contributed the largest source of feed to livestock in both Upper Gana and Jawe kebeles, which 
agrees well with the reports from the other highland areas of Ethiopia (Alemayehu, 2004 and 
Tolera et al., 2012).  
 
The major crops grown by farmers in the study area are wheat, teff, field pea, and faba bean. In 
the study areas, farmers traditionally conserve the straws of crops mostly wheat and teff in a 
stack for later use, usually after harvesting crop residues together with the grain and after 
separating the grain. The largest proportion of almost all types of crop residues was used for 
livestock feeding rather than any other uses due to the serious shortage of livestock feed in the 
area, but the residues are fed without any treatment. The feeding of livestock with crop residues 
in the morning and evenings was a common practice in the area particularly in the late dry and 
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early wet seasons due to reduced amount of herbage yield from natural grazing land. In 
developing countries like Ethiopia, crop residues are major feed resources for livestock, but are 
low in quality to maintain optimal livestock performance (Bogale et al., 2008).   
In the current study, sampled households reported that natural pasture was the second major 
feed resource in the area, which disagrees with previous study by Tadesse et al. (2014), which 
reported that natural pasture was the major feed resource. Grazing is the most important 
ruminant feeding system in most parts of smallholder crop-livestock production systems in 
Ethiopia (Solomon, 2004).  
 
Livestock feed production using cultivated forage species is not widely practiced in the study 
area. Only few number of respondents in the study area practiced cultivating improved forage 
species to alleviate shortage of feed. Likewise, Wondatir (2010) reported that only 13% of 
farmers practiced improved forage production in central Highlands of Ethiopia. Lack of 
awareness about the importance of the improved forage species, lack of forage seeds and 
shortage of land were the main reasons for not practicing improved forage production 
(Wondatir, 2010 and Tadesse et al., 2014). Alemayehu (2005) noted forage adaptability and 
production trials were made across the different agro ecologies in the country for past two 
decades and certain favorable forages were selected. In terms of quality of the main feed 
resources used under smallholder farms, also many scholars underline that crude protein content 
is not even sufficient for maintenance. Therefore, improved forage production practices both 
for enhanced productivity and higher feed quality are of paramount importance in mixed crop 
livestock systems. The most preferred forage species by surveyed households was oat fodder in 
both Upper Gana and Jawe  kebeles.  
 50 
 
 
5.1.4. The experience of faba bean cultivation by respondents in relation to livestock feed  
The result of this study confirmed that most of the sampled households did not respond, but 
only some preferred Dosha and Gebelchu in Jawe and Upper Gana kebeles, which might be due 
to lack of awareness on improved faba bean varieties available for cultivation in relation to 
livestock feed. Most farmers in the area have a practice of not weeding faba bean plots until the 
weed reaches a certain stage to get more weed biomass to alleviate shortage of feed. Also, 
Workayehu (2014) indicated that more weed feed biomass was produced by not-weeding the 
faba bean plots than weeding once or twice.     
 
5.2. Effects of variety and management practices on the performance of improved faba 
bean varieties 
 
5.2.1. Agronomic characteristics 
The faba bean varieties under all management practices took fewer number of days to flowering 
as compared to the mean (63) days to flower for different faba bean varieties reported by Negash 
et al. (2015). The early maturing varieties such as CS-20DK have advantage over the late 
maturing ones in environments where rain begins late and ends early (Negash et al., 2015). Late 
maturity of some of the varieties could be associated with a decrease in digestibility (Xing, 
1995). Johnston et al. (1998) reported that as maturity advanced, forage yield increased, but CP 
content dropped by about 40 to 50%, ADF and NDF levels increased by 15 to 25%. This may 
be further changed by environmental situations such as soil fertility, season, temperature, shade 
and water stress during growth (Norton and Poppi, 1995). In the current study, ‘Dosha’ under 
 51 
 
all management practices took less number of days to maturity than previous report of days to 
maturity for the same variety by Negash et al. (2015). The height at maturity for Tumsa (110.4 
cm) under improved management was in agreement with that reported by Negash et al. (2015) 
for the same variety (111.6 cm).   
 
5.2.2. Yield and yield components of faba bean  
The low number of tillers for faba bean varieties grown as intercropping as compared to the 
traditional and improved management practices might be due to limited space availability. 
Sartaj (2014) indicated presence of exhaustive competition between intercropped crops for 
external growth factors. Agnieszka et al. (2015) noted that oat was a greater competitor during 
the shortage of rainfall, but faba bean was a more competitor in heavy rainfall conditions. 
Similarly, oat is more competitive than faba bean varieties mainly in the faba bean-oat intercrops 
(Dhima et al., 2013). 
 
In the current study, number of pod per plant for faba bean varieties grown under all 
management practices was lower than the value reported by Karadavut et al. (2010), Seif et al. 
(2015), Negash et al. (2015) but similar to those obtained in other faba bean varieties by Bakry 
et al. (2011). Under all management practices, the number of seed per pod was slightly higher 
as compared to the result obtained for faba bean varieties reported by Karadavut et al. (2010), 
Seif et al. (2015) but similar to that of Negash et al. (2015). According to the current study, the 
number of seeds per pod for faba bean varieties under intercropping management was greater 
than the value obtained through faba bean variety-oat mixture reported by Micek (2012). The 
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variety ‘Tumsa’ under improved management had higher grain yield that may be due to longer 
time to mature as reported by Yetimwork et al. (2011). 
The great differences in grain yield observed among varieties and management practices could 
make farmers able to identify potential faba bean varieties under different management 
practices.   
 
 5.2.3. Dry matter yield  
 
Except intercropped faba bean varieties, the straw DM yield in this study gave relatively similar 
straw DM yield reported by Yetimwork et al. (2011), but lower than that for different oats 
varieties (Fekede, 2004). However, the faba bean varieties grown traditionally in the current 
study had lower straw dry matter yield than the value reported for the oats varieties by Fekede 
(2004), faba bean and field pea varieties by Yetimwork et al. (2011). In the current study, straw 
DM yield of Tumsa under improved management was higher than yields of faba bean straw 
under the remaining managements and varieties. Difference in morphological composition of 
straw could be due to heritable genotypic characteristics like plant height and days from planting 
to maturity (Capper, 1988). 
 
In the current study, relatively lower DM yield of oat at first cut in all intercropped faba bean 
plots might be due to lower DM accumulation per plant and high contents of water in the plant 
tissues at early stages of physiological development, whereas for the latter cuts, the DM yield 
increased with increased plant growth and increased plant population. According to the study 
by Mariotti et al. (2006) dry matter concentration of forage increased from the first to the second 
harvest, owing to the progress of cereal biological cycle. Other studies have indicated that the 
 53 
 
highest DM yield for oat fodder at third cut (under plots of all faba bean varieties) may be due 
to fast growth of oats, greater vegetative development (Martiniello, 1999) and more competitive 
ability (Jacobs and Ward, 2012). According to Uzun and Asik (2012), maximum forage and 
nutrient production is achieved when oats is harvested at milk to early dough stage of growth. 
Similarly, the increase in DM yield with maturity is mostly due to more stem dry matter contents 
that are related with plant height (Edmisten et al., 1998). The decline in DM yield for the last 
cut (4th cut) in the current study could be due to decreased stem elongation of oat crop with 
advance in plant maturity (Shoaib et al, 2013). Similarly, Fekede et al. (2008) reported that the 
proportion of leaves of different varieties of oats decreased with a concomitant increase in the 
proportion of stem with advance in growth from boot stage to the grain maturity stage. As 
indicated in the current study, the weed DM yield at the second cut was less than the first cut. 
This indicates that weed infestation was low and the faba bean varieties were not suffered from 
weed competition, due to their rapid growth and soil cover.   
 
The greater DM production of intercropping management in the current study agrees with the 
report of Dordas and Lithourgidis (2011) who found that faba bean-cereals intercropping 
produced higher DM yield than faba bean sole crop.  
Similar to the current result, Sheri et al. (2008) reported the highest protein yields with 
intercropping of faba bean-barley and pea-barley. In this study, the higher protein yield under 
intercropping management practice could be due to its higher forage yield. 
In general, the production of greater forage per hectare is very important for producers. 
However, the production of forages with balanced chemical composition and high nutritive 
value is also important for livestock producers. As a result, legume-cereal forage intercropping 
is a viable option for farmers in the mixed crop-livestock systems of Ethiopia. 
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5.2.4. Chemical Composition and digestibility of straws of faba bean varieties under 
different management practices  
The ash content of faba bean straw in the current study was higher than the reported value of 
7.60% for faba bean straw by Abreu and Bruno-Soares (1998), faba bean and field pea straws 
(Wondatir et al., 2011), field pea straws (Solomon et el., 2008). However, the  ash value in the 
current study was lower than the value of faba bean straw reported by Solomon et el. (2008), 
Asar et al. (2010) and oats varieties (Fekede, 2004).  
 
In this study, the CP value for the varieties grown as intercropping was greater than the value 
of faba bean straw reported by Abreu and Bruno-Soares (1998), Ermias (2008), Asar et al. 
(2010) and field pea straw (Solomon et al., 2008), but lower CP content was observed compared 
with pea hull (Wondatir et al., 2011), faba bean hull (Abadi et al., 2015). However, CP content 
in the current study is slightly similar to the value reported by Kossila (1984), which ranged 
between 10-15% for the intercropped faba bean varieties. The mean CP content of the faba bean 
straws in this study, except for traditionally managed faba bean varieties, were higher than the 
critical value of 7 % for normal rumen microbial function and feed intake (Van Soest, 1982). 
Pasture and other roughage feeds are classified as high, medium and low quality according to 
their CP contents. Accordingly, roughage feeds with CP content of 9.92 to 15.2%, 6.6 to 9.1% 
and 3 to 6.5% were classified as high, medium and low quality roughage feeds, respectively 
(Nsahlai et al., 1996). The faba bean varieties evaluated in this study could thus be classified as 
high quality feed for those grown as intercrop and medium quality for those grown in traditional 
and improved managements based on their CP contents. In addition, Adugna and Said (1994) 
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indicated proper utilization of the DM of feeds when CP content is higher than the critical value 
of 7%.  
 
In the present study, the NDF content of the different faba bean varieties, grown under 
intercropping management, was lower than the value reported for faba bean and field pea straws 
by Abreu and Bruno-Soares (1998), Wondatir et al. (2011) and field pea (Solomon et al., 2008). 
According to Buxton (1996), intake potential of feeds is negatively related with NDF contents. 
The NDF content of some of the varieties grown as intercropping were slightly lower than the 
critical level of 55-60%, which was reported to decrease voluntary feed intake and feed 
conversion efficiency due to longer rumination time (Shirley, 1986). Buxton (1996) reported 
the extreme cell wall concentration (NDF) of diets that will not hinder intake and animal 
production can be as high as 70 to 75% NDF for mature beef cows, and as low as 15 to 20% 
NDF for finishing ruminants. Similarly, Adugna and Said (1994) reported that total cell wall 
concentration (NDF) exceeding 60% was reported to be associated with lower voluntary feed 
intake, longer rumination period and decreased efficiency of conversion of ME to net energy. 
According to Singh and Oosting (1992), roughage diets are categorized into average quality 
feed, if NDF content is between 45%-65%, and feed, which had below 45% NDF contents were 
generally classified as high quality roughage feed. In the current study, the NDF contents 
(48.04% to 64.75%) of faba bean varieties under intercropping were considered average quality 
feed, while the values of Tumsa, Gebelchu, Dosha (under traditional and improved 
management) and CS-20DK (traditional management) were higher than critical range and 
considered low quality feed. The relatively lower NDF content of the faba bean varieties ‘CS-
20DK and Walki’ may suggest better voluntary intake than most of the cereal straws and maize 
Stover, which are available to the smallholder farmers.  
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The ADF values of ‘CS-20DK’ grown under improved and intercropping managements, and 
Walki under intercrop were lower than the ADF values of faba bean straw reported by Abadi et 
al. (2015), Abreu and Bruno-Soares (1998) and Wondatir et al. (2011) and comparatively higher 
than the values of faba bean and field pea straw reported by Yetimwork (2011), Solomon et al. 
(2008), barley and wheat straw (Teklay, 2008). However, the ADF values for straw of faba bean 
varieties ‘Tumsa, Gebelchu and Dosha’ grown under all management practices were higher as 
compared to the values of faba bean straw reported by Abadi et al. (2015), Abreu and Bruno-
Soares (1998), Wondatir et al. (2011), Luelseged and Jemal (1989) and oats straw (Fekede, 
2004) which could be attributed to differences in crop management, variety, soil fertility and 
climate. Kellems and Church (1998) characterized roughages with less than 40% ADF as high 
quality and above 40% as low quality. Likewise, legumes with ADF contents less than 31% are 
considered as high quality, although those with values greater than 55% are rated as poor quality 
(Mihai et al., 2012). Hence, for the varieties ‘CS-20DK’ (grown under intercropping and 
improved management) and ‘Walki’ (grown under intercropping management), the 
comparatively lower value of ADF in this study could be indicative of its better digestibility 
than the remaining varieties and management practice.  
 
According to the current study, the lignin contents of faba bean varieties ‘CS-20DK, Walki and 
Gebelchu’ grown under intercropping management were lower than faba bean, purple vetch and 
lentil straws (Bruno-Soares et al., 1998), wheat, barley, oats and field pea straws (Solomon et 
al., 2008, Wondatir et al., 2011), whereas the values were comparatively similar to faba bean 
hull reported by Abadi et al. (2015) and Wondatir et al. (2011). But, the current values are higher 
than that reported by Yetimwork et al. (2011) for faba bean and Fekede (2004) for oats straw. 
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Faba bean varieties grown under improved and traditional managements had higher lignin 
contents as compared to the values reported for faba bean hull (Abadi et al., 2015), faba bean 
and field pea straw (Wondatir et al., 2011), maize Stover (Tolera et al., 1999), and oats straw 
(Fekede, 2004). Lignin is a component, which attributes strength and resistance to plant tissue, 
thereby limiting the ability of the rumen microorganisms to digest the cell wall polysaccharides, 
cellulose and hemicellulose, resists microbial enzyme attack and hence reduces digestibility 
(Reed et al., 1988). The polysaccharides of the cell wall become more digestible once the lignin 
has been removed (Jones and Wilson, 1987). Therefore, the varieties CS-20DK and Walki 
grown under all management practices consistently have lower lignin content than the critical 
level of 10% which was indicated to limit DM intake (Reed et al., 1986). The ADL fraction 
forms complexes with cellulose and hemicellulose fractions through physical encrustation 
(Kellems and Church, 1998). This limits digestion of the cellulose and hemicellulose fractions 
to microbial enzymes (McDonald et al., 1995).  
 
The current study shows that  the cellulose content of CS-20DK (grown in both improved and 
intercropping management) and Walki under intercropping was lower than the values reported 
for faba bean hull (Abadi et al., 2015), field pea straw (Solomon et al., 2008) and higher than 
the value reported for herbaceous and browse legumes (Diriba et al., 2013). Thus, the lower 
cellulose content of straws of faba bean varieties CS-20DK (grown under improved and 
intercropping managements) and Walki (grown as intercropping) obtained in this study suggests 
the better nutritive value. According to Qingxian (1996), hemicellulose concentration in 
legumes is much lower, generally between 8-15%. The hemicellulose content in the present 
study was below this range.  
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The IVTOMD values (43.32 % to 55.71 %) in the current study were similar with the values 
(43.5% to 55.3%) in legume straws reported by Abreu and Bruno-Soares (1998), and faba bean 
straw by Thorlaciusi et al. (1979). In the intercropping management, the IVTOMD values were 
higher than the value reported by Kafilzadeh et al. (2012) for straws of different oat cultivars. 
However, all the faba bean varieties under both management practices had revealed lower 
IVTOMD than the values for herbaceous and browse legumes (Diriba, 2013). As might be 
expected, the ME value of faba bean straws parallels IVTOMD value (Abreu and Bruno-Soares, 
1998). 
 
The in vitro digestibility values greater than 65% indicate good nutritive value, and values below 
this level result in reduced intake due to lowered digestibility (Meissner et al., 2000). Hence, in 
the present study, the IVTDMD values of faba bean varieties in the intercropping were higher 
than this critical level, whereas the IVTDMD values for Tumsa, Gebelchu and Dosha in both 
traditional and improved managements were lower than the critical value.  The IVTDMD value 
of all the faba bean varieties, under intercropping management, studied in the current work was 
higher than the values for field pea and faba bean straws reported by Solomon et al. (2008) and 
Gashaw (1992). In the intercropping management, the IVTDMD values (65.33% to 71.94%) 
were similar with the values (65% to 73.8%) in straws of different faba bean varieties reported 
by Yetimwork et al. (2011). The current values were higher under all management practices 
compared with the value of straws of different oat cultivars reported by Kafilzadeh et al. (2012).   
Xing (1995) reported that as plants mature, nutrient digestibility generally declines, due to 
decrease in the digestibility of cell wall components. The same author reported a variation in 
chemical composition and digestibility of crop residues among cultivars. With advancing age 
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the digestibility of the leaf decreases slowly and that of the stem falls rapidly (Minson, 1990). 
Hence, the lower IVTDMD and IVTOMD values of ‘Tumsa, Gebelchu and Dosha’ under 
traditional and improved management practices could be associated with late maturity. 
According to Minson (1990), cell wall digestion depends on the degree of lignification. In the 
current study, also those varieties, which had high content of lignin, had lower value of 
IVTOMD and IVTDMD than those varieties with lower lignin content. Generally, differences 
in the digestibility of straws may be due, among other factors, to variety (Dias-da-Silva and 
Guedes, 1990 and Micek et al., 2012), level of weeds (Sundstod, 1988), the level and 
composition of their cell walls (Abreu and Bruno-Soares, 1998).  
 
Furthermore, the varietal and management practices differences in chemical composition, 
digestibility and energy values need to be considered in promoting faba bean-oat intercropping 
under smallholder farmers’ condition in Ethiopia.   
 
5.2.5. Economic analysis 
In this study, the higher economic return was under intercropping management than the other 
management practices. In line with this result, Sheri et al. (2008) reported that intercropping of 
pea and barley gave high economic return than that grown separately. The higher economic 
return under intercropping management in the current work could be attributed to higher oat 
forage DM yield and lower forage seed cost (Woldesembet et al., 2014).  
  
The cost analysis did not include costs related to faba bean seed, irrigation, management, and 
harvesting which were assumed similar across the management practices. However it appears 
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that the increased forage yield and nutritive value of faba bean- oat intercropping may be 
economically beneficial. In addition to the economic benefit, faba bean-forage intercropping 
plays vital roles in weed control, soil conservation, efficient use of land and labor resources.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6. SUMMARY AND CONCLUSION 
 
The major feed resources available in both Upper Gana and Jawe kebeles are crop residues and 
natural pasture, and cattle are the dominant livestock species raised. Hence, livestock feeding is 
mainly based on crop residues and natural pasture. Farmers in both kebeles feed crop residues 
without any treatment. Only some farmers feed designated groups of cattle such as lactating 
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cows, calves at home using improved fodders, faba bean straw and pasture hay. However, 
livestock feed production using cultivated forage species is not widely practiced partly due to 
lack of awareness about the importance of the improved forage species, lack of forage seeds 
and shortage of land. Therefore, encouraging farmers to practice improved forage production 
with integration of crop production could improve the feed resource base in the area. In the 
study area, crop residues are important in contributing to livestock feed but they tend to be of 
low quality. Hence, crop residue needs to be treated using appropriate chemical for better 
utilization and digestibility. 
 
The results of the current study indicate that the variety Dosha took more number of days to 
mature and CS-20-DK matured early consistently under all management practices. The faba 
bean variety ‘Tumsa’ was late maturing but had higher grain yield and straw dry matter yield 
under improved management practice. This shows the possibility of selecting ‘Tumsa’ for high 
grain and high straw dry matter yield under improved management practices. Under 
intercropping management practice, lower straw DM yield was recorded as compared to the 
remaining management practices.   
 
CS-20DK and Walki grown as intercropping had lower fiber contents, higher CP contents and 
in vitro digestibility values than other varieties and managements. Although, faba bean 
intercropping with oats produced lower grain yield than other practices, it provided significantly 
higher feed dry matter, CP, in vitro digestible organic matter, ME and lower fiber contents than 
those of traditional and improved management practices. The estimated values of returns in 
terms of grain yield and feed biomass indicated that intercropping appears to be economically 
feasible to provide both grain for the household and feed for their livestock. Hence, 
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intercropping based on faba bean varieties such as CS-20DK, Walki and Gebelchu with oats 
could be used as alternatives to traditional and improved management practices in order to 
provide reasonable nutritive value of forages in the mixed crop-livestock production systems of 
Ethiopia.  
 
However, further studies are required to evaluate variations in intake and animal performances 
of straws of different faba bean varieties under various management practices to develop faba 
bean straw based diets for ruminants in mixed crop-livestock systems of Ethiopian highlands. 
Also, the experiment should be repeated under rainfall condition as the current study was done 
with supplemental irrigation.  
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APPENDICS 
 
Appendix Tables  
Appendix Table 1. Conversion of livestock to tropical livestock unit (TLU) 
Livestock species  
Tropical livestock unit (TLU) 
Local breed Cross-breed 
Oxen 1.1 1.9 
Cows 0.8 1.8 
Young bulls 0.6 0.8 
Heifers 0.5 0.7 
Calves  0.2 0.4 
Sheep 0.1 - 
Goat 0.1 - 
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Donkey 0.5 - 
Horse  0.8 - 
Mule  0.7 - 
Poultry  0.01 - 
Source: (Bekele, 1999; ILCA, 1990; Gryseels, 1988); TLU= tropical livestock unit 
 
 
Appendix Table 2. Sex (%) of respondent household heads   
Variables  
Kebele 
Average Upper Gana Jawe 
N Percent N Percent N Percent 
Sex of HH       
Male 50 94.3 47 85.5 97 89.9 
Female  3 5.7 8 14.5 11 10.1 
Total  53 100 55 100 108 100 
HH= household head; N= number.   
 
 
Appendix Table 3. Cattle herd composition (TLU) per household in Jawe and Upper Gana 
kebeles of Lemo Woreda. 
Cattle types  Kebele 
Over all mean Upper Gana Jawe 
Mean± SE Mean± SE Mean± SE 
Local breed    
Oxen (TLU)  1.02±0.11 0.85±0.11 0.93±0.08 
Cows (TLU) 2.59±0.16a 2.01±0.16b 2.30±0.11 
Bulls (TLU) 1.33±0.12 0.74±0.11 1.03±0.08 
Heifers (TLU) 0.77±0.05a 0.47±0.05b 0.62±0.04 
Calves (TLU) 0.59±0.04a 0.46±0.04b 0.53±0.03 
Local breed total 
(TLU) 6.30±0.48 4.53±0.47 5.41±0.34 
Cross- breed    
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Oxen (TLU) 0.09±0.04 0.03±0.04 0.06±0.03 
Cows (TLU) 0.27±0.08 0.19± 0.08 0.23±0.06 
Bulls (TLU) 0.03±0.03 - 0.03±0.02 
Heifers (TLU) 0.06±0.02 - 0.03±0.01 
Calves (TLU) 0.04±0.01 - 0.02±0.01 
Cross-breed total 
(TLU) 0.49±0.18 0.22±0.12 0.37±0.13 
Cattle total (TLU) 6.79±0.66 4.75±0.59 5.78±0.47 
(N= 53 for jawe, N= 55 for Upper Gana); SE= standard error; - = not available; TLU= tropical livestock 
unit.   
 
 
 
 
 
 
 
 
Appendix Table 4.  Analysis of variance (ANOVA) for plant vigor, days to flowering and days 
to maturity as influenced by varieties and management practices 
Days to flowering      
Source DF Sum Square Mean Square F Value Pr > F 
practice 2 14.97777778 7.48888889 6.61 0.0042 
variety 4 87.64444444 21.91111111 19.33 <.0001 
practice*variety 8 33.02222222 4.12777778 3.64 0.0045 
Days to maturity       
practice 2 150.177778 75.088889 15.22 <.0001 
variety 4 1932.800000 483.200000 97.95 <.0001 
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practice*variety 8 296.266667 37.033333 7.51 <.0001 
Vigor       
practice 2 0.56311111 0.28155556 1.49 0.2418 
variety 4 1.73466667 0.43366667 2.29 0.0825 
practice*variety 8 2.98800000 0.37350000 1.98 0.0848 
Height at maturity       
practice 2 1268.497333 634.248667 7.40 0.0024 
variety 4 1196.276444 299.069111 3.49 0.0187 
practice*variety 8 874.171556 109.271444 1.27 0.2932 
DF= degree of freedom; ANOVA= analysis of variance. 
 
 
 
 
Appendix Table 5.  Analysis of variance (ANOVA) for plant tiller, number of pods per plant, 
number of seeds per pod and grain yield as affected by varieties and 
management practices 
Tiller      
Source DF Sum Square Mean Square F Value Pr > F 
practice 2 2.43244444 1.21622222 16.84 <.0001 
variety 4 0.74088889 0.18522222 2.56 0.0585 
practice*variety 8 0.36311111 0.04538889 0.63 0.7473 
Pods per plant      
practice 2 15.09733333 7.54866667 6.49 0.0045 
variety 4 7.43911111 1.85977778 1.60 0.2001 
practice*variety 8 5.95155556 0.74394444 0.64 0.7381 
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Seeds per pod      
practice 2 1.32933333 0.66466667 14.95 <.0001 
variety 4 0.69644444 0.17411111 3.92 0.0112 
practice*variety 8 0.33288889 0.04161111 0.94 0.5019 
Grain yield      
practice 2 22.59440444 11.29720222 38.59 <.0001 
variety 4 12.87440889 3.21860222 10.99 <.0001 
practice*variety 8 7.85775111 0.98221889 3.35 0.0073 
DF= degree of freedom; ANOVA= analysis of variance. 
 
 
 
Appendix Table 6.  Analysis of variance (ANOVA) for chemical composition of five faba bean 
varieties under three different management practices 
Ash       
Source DF Sum Square Mean Square F Value Pr > F 
practice 2 0.02187111 0.01093556 0.01 0.9911 
variety 4 5.76976889 1.44244222 1.18 0.3377 
practice*variety 8 9.31001778 1.16375222 0.96 0.4878 
CP      
practice 2 37.87105778 18.93552889 31.54 <.0001 
variety 4 75.11380889 18.77845222 31.28 <.0001 
practice*variety 8 16.94949778 2.11868722 3.53 0.0054 
NDF       
practice 2 399.003258 199.501629 11.10 0.0002 
variety 4 1447.844702 361.961176 20.13 <.0001 
practice*variety 8 755.839964 94.479996 5.25 0.0004 
ADF       
practice 2 283.063418 141.531709 7.82 0.0018 
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variety 4 1375.192080 343.798020 19.00 <.0001 
practice*variety 8 723.941360 90.492670 5.00 0.0005 
ADL      
practice 2 41.15079111 20.57539556 22.51 <.0001 
variety 4 88.96896444 22.24224111 24.33 <.0001 
practice*variety 8 18.56514222 2.32064278 2.54 0.0306 
Cellulose      
practice 2 323.4221200 161.7110600 8.24 0.0014 
variety 4 878.2270089 219.5567522 11.19 <.0001 
practice*variety 8 622.6476578 77.8309572 3.97 0.0026 
Hemi-cellulose      
practice 2 13.11841333 6.55920667 17.05 <.0001 
variety 4 2.87482222 0.71870556 1.87 0.1420 
practice*variety 8 2.62156444 0.32769556 0.85 0.5662 
CP= crude protein; NDF= neutral detergent fiber; ADF= acid detergent fiber; ADL= acid detergent 
lignin; DF= degree of freedom. 
 Appendix Table 7.  Analysis of variance (ANOVA) for digestibility and metabolizable energy 
value of five faba bean varieties under three different management practices  
IVTOMD      
Source DF Sum Square Mean Square F Value Pr > F 
practice 2 159.1021378 79.5510689 27.66 <.0001 
variety 4 281.4059422 70.3514856 24.46 <.0001 
practice*variety 8 54.4486844 6.8060856 2.37 0.0417 
IVTDMD      
practice 2 398.3474178 199.1737089 10.49 0.0004 
variety 4 571.6755022 142.9188756 7.53 0.0003 
practice*variety 8 170.5150044 21.3143756 1.12 0.3768 
ME      
practice 2 3.25817333 1.62908667 27.69 <.0001 
variety 4 5.77454222 1.44363556 24.54 <.0001 
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practice*variety 8 1.12580444 0.14072556 2.39 0.0398 
IVTOMD= in vitro true organic matter digestibility; IVTDMD= in vitro true dry matter 
digestibility; ME= metabolizable energy 
 
 
 
 
 
 
 
Appendix Table 8.  Analysis of variance (ANOVA) for faba bean straw DM yield, oat DM yield 
and weed DM yield  
Straw DM yield       
Source DF Sum Square Mean Square F Value Pr > F 
practice 2 63.1629911 31.5814956 24.31 <.0001 
variety 4 120.5188756 30.1297189 23.20 <.0001 
practice*variety 8 36.7854978 4.5981872 3.54 0.0053 
Oat DM yield      
Cutting  3 517.3912850 172.4637617 96.42 <.0001 
variety 4 14.6465567 3.6616392 2.05 0.1061 
Cutting*variety 12 14.5051900 1.2087658 0.68 0.7638 
Weed DM  yield      
Cutting  1 19.40856333 19.40856333 10.40 0.0042 
variety 4 4.45054667 1.11263667 0.60 0.6694 
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Cutting*variety 4 3.62145333 0.90536333 0.49 0.7464 
DM= dry matter; DF= degree of freedom; ANOVA= analysis of variance. 
 
 
 
 
 
 
 
Questionnaire 
Location ___________________ Date _______________________________ 
1. Name _________________________________ 
2. Region ________________________________ 
3. Woreda _______________________________ 
4. Kebele and sub-kebele ___________________ 
5. Sex ______________ 
6. Age______________ 
7. Literacy level(in years of school) ___________ 
8. Who is the house hold head?  
a. Myself                                                  f.    My son 
b. My husband                                         g.   My daughter 
c. My wife                           h.   My grandfather  
d.  My father                            i.   My grandmother                        
e. My mother                                            j.   Other 
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9. Family size _____________________ 
10. Farm size in hectares______________ 
11. Livestock number  
12. Who has been managing the trial plot? 
a.  Myself                                                              f.   My son  
b. My husband                                                    g.   My daughter 
c. My wife                                                   h.  My grandfather  
d. My father                                                    i.   My grandmother                    
e. My mother                                                         j.  Other  
13. Do you grow faba bean?  1)Yes 2) No  
14. What varieties of faba bean do you usually grow? [CHECK NAMES WITH 
RESEARCHERS IN THE AREA] 
i._______________________________  
ii. ______________________________ 
iii. ______________________________ 
iv. ______________________________ 
15. Can you tell us the three main reasons why you grow faba bean? [WRITE KEY 
WORDS ONLY] 
i.______________________________ 
ii. _____________________________ 
iii. ____________________________ 
 
16. What proportion of your farm land is usually allocated to faba bean? 
17. How much faba bean straw did you harvest last year? _______ [WRITE QUANTITY 
AND UNIT] 
18. What is the average yield size per timad [USE THE LOCAL LAND SIZE 
MEASURING UNIT] in this area when you use sole faba bean cropping? _______ 
[WRITE QUANTITY AND UNIT]  
19. What proportion of your farm land is usually allocated to forage crops? 
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20. What was the total forage crop production you harvested last year? _______ [WRITE 
QUANTITY AND UNIT] 
21. Do you intercrop [plant on the same plot of land] faba bean and forage crops? 1)Yes 2) 
No  
22. What is the average faba bean yield size per “timad” [USE THE LOCAL LAND SIZE 
MEASURING UNIT] in this area when you intercrop faba bean and forage crops? 
_______ [WRITE QUANTITY AND UNIT] 
23. Are there any weeds/wild oats that you use for livestock feeding? 1) Yes 2)No  
24. What are these weeds? 
i._____________________________ 
ii. _____________________________ 
iii. _____________________________ 
iv. _____________________________ 
v. _____________________________ 
25. Can you estimate how much weeds/wild oats you used for feeding? 1) Yes 2) No  
26. When do you feed the weeds/wild oats to your livestock? 
27. Which livestock species do you prefer to feed the weed/wild oats? 
28. Please tell us how much you produce in each of them.  
Weed i.   ________________ Qty (last year) _______________ [+ unit] 
Weed ii.  ________________ Qty (last year) _______________ [+ unit] 
Weed iii. ________________ Qty (last year) _______________ [+ unit] 
Weed iv. ________________ Qty (last year) _______________ [+ unit] 
Weed v.  ________________ Qty (last year) _______________ [+ unit] 
 
29. Are there any faba beans varieties that you want to grow but could not find yet? 1) Yes 
2) No  
30. Please tell us the names of these varieties?  
i._____________________________ 
ii. _____________________________ 
iii. _____________________________ 
31. What do you like about these varieties? [WRITE KEY WORDS ONLY] 
i._____________________________ 
ii. _____________________________ 
iii. _____________________________ 
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32. Are there any forage crops that you want to grow but could not find yet? 1) Yes 2) No  
33. Please tell us the names of these crops? 
i._____________________________ 
ii. ____________________________ 
iii. ____________________________  
34. What do you like about these forage crops? [WRITE KEY WORDS ONLY] 
i._____________________________ 
ii. _____________________________ 
iii. _____________________________  
35. Do you sell your faba bean produce? 1) Yes 2) No  
36. Which market do you usually go to sell your faba bean produce? 
__________________ 
37. What is the average price of a kilogram of faba bean in this market? 
_______________ 
38. Which month of the year is faba bean price the lowest? _________________ 
39. Which month of the year is faba bean price the highest? _________________  
40. Do you sell your forage crop produce? 1) Yes 2) No  
41. Which market do you usually go to sell your forage crop produce? 
__________________ 
42. Please tell us about the price pattern of the forage crops you grow and sell. 
No 
Forage crop Grown 
and sold 
Average price of 
a kilogram of [F 
crop name ] in 
this market 
Month when 
minimum price 
happens for [F 
crop name ] 
Month when 
maximum price 
happens for [F 
crop name ] 
1     
2     
3     
4     
5     
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43. Is there anything you want to tell us in relation to the discussion we have today? 1) 
Yes 2) No [Go to thank you]. 
_____________________________________________________________________
_____________________________________________________________________
_______________________________________. 
I thank you so much for your time and shared experience. 
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